THE SURIGAO IRON ORE AND IT’S METALLURGICAL TREATMENT

Foreword

by Eduardo R. Magdaluyo, Jr.
Department of Mining, Metallurgical and Materials Engineering
University of the Philippines Diliman

Mining industry provides the necessary supply of valuable metallic and non-metallic

materials for global consumptions. Metallurgical industry processes the ore for
distribution to different industrial plant. The existence of these two significant industries
is imperative to the benefit of the general public, especially here in the Philippines where
the land is rich of mineral resources.
The three technical papers presented in this issue feature some of the important
applications in the field of mining and metallurgical engineering. The two articles written
by Professor Enrique Ostrea tackle the potential benefits of the gold refinery and the
proposed metallurgical treatment in the production of pig iron for steel manufacturing in
the country. Professor Ostrea, who played an active part in the development of mining
and metallurgical engineering in the Philippines, strongly believed that these kinds of
undertakings will be profitable and essential to the government. Unfortunately, we are
not able to fully capitalize this kind of proposition. The article written by Dr. Manolo
Mena described the reduction behavior of nickel in high-iron.

The pioneering role of mining and metallurgical engineering in national
development is inevitable. With the mandate of corporate social responsibility and the
advocacy of sustainability, the mining and metallurgical industries will provide economic
benefits and at the same time Sollow compliance in the other aspects at stake on the
operation such as environmental, social, health and safety. It is therefore a challenge for
every sectors involved; the government, the mining and metallurgical industries, the
engineers, the local government units and the socio-civic organizations to fully maximize
the use of our resources. " .
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TRE SURIGAO TRON ORT AND ITS MRTALIURGICAL TRRATMENT
By Envicuo Ostront

IFE_ORE BODY

Discovery.

Tho Surigao Iron (rc was £irgt xrocognlzod by B. P. Cuamoxon, Chiof Enginocr
of tho Departmont of Mindanao and Svluw in 1912, Tads doposit was roscrvod “ia
1915 undcr Bxccutive Ordcr No, 63 for thc uso of tho Philinvino Govormmont .

Pfat%_&’;lgOdmck}N)z

In 1915, thiz dopoeit was oxawined &y Pradé amd Lodnicky, Engimoors of tho
Burcam of Seicreo, and roportod 500,000,000 motxic tons of orc having an avorago
waluc of 47 porcont motallle irou., I was folt at Yhat timo that ho industrial
Gcmand 441dn?t justify tho opcmaing of tho dopo=it,

Act 2862,

on HMavek 12, 1919, tho Philippinc Legislovwre passed Act 2882 ercating tho
Notional Irom CO., a corporation whick will uudortake ¢he oxploitation and doves
lopmeat of Philippinc Iron Oroe in gonorai, and Surigno Iron Doposit in pardie
eular, WNothing has bocn dono toward thé imcoxporation of thc National Iron Goo,
noy tho cxploitaition of tho orc dopoait.

8. D, Smith.

$n 1922, W, D, Smith, thc thon Chicf of tho Division of Minos wador tho
Buroay of Scionec, rocommondod to the $hen Gov, Gono Lconard ¥Wood, that $hc xo-
sorvation be liftod and that tho doposit bo loascd to a privato ownor and ropale
¢408; taxos or romtals 0o solloctod and usod ag incomo®o tho University of tho
Philippinos or n School of Minos, or fox tho sepport of tho Division of Mines,
Nothing was dono in tho way of acoamplishiag ony of tho ebavo suggostions,

Burcau of Minos,

In 1837, tho Bureau of Mimos “prossod for a lousc”, umdordook o Gotallod,
goological study and cxplioration program. A summury of tho Topoxt”, in paxts
ssadeds

X e T = == and == 311 S

L5 aeting Hond, Bining Dopt., Goliogo of Enginooring, Univorsity of $ho Phil,

Bo Provs, Wo To & Vo E, Lofnicky, Iron Oro im Surigoo Prove, Phil, Jousmal of
Seiopeo, No. A=10 {1915) p, %35,

3o origin of tho Suwrigao Iron Oro, Doan €. Passho, Meon. Geolegy, Tol. YTYWX
No. 39 May 19410 Do 304, -
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mPho latoritic iron orc of Surigao Provinco, Mindanno, occur as suporfieial
mantlo covoring a plateau-like arca., Tho oro varios in thickncss from nothing
to as much as 30 motors .... Analysos of 2000 samplos takon from tho arca stu-
dicd show the orc to bo rathor uniform in grado., Mctallic iron avorages 47.77%;
‘Phosphorous - 0.03%; Alumina - 7.,9%%; Chromic cxido - 4,19%; Ni-Co - 0.78%;

silica - 1,3%%; Sulphur - 0.17%; hygroscopic wator « 26,77%; and combined wator
13,61%.

mTho iron orc arc rosidunl in origin, having boon formed in sity. by tho
subaorial docomposition of the sorpontinc rock,

nTho Surigeo & Cuban Latoritcs aro veory similar in physical charactor,

‘minoralogy, ond chomical composition, both having been formod by the katamor-
phic altoration of scrpentinc,"

‘The oro ostimated confirms that of Pratt and Lodnicky, 500,000,000 motrie
tons.

Proscnb.
“

Today moro than over before tho nood for tho oxploitation of this doposit
is imporativo, ovon in a modost way. Enormous nccds for roconstruction, vital
nceds for our now Ropublic just born and groat nocds in East Asia, now that
Japan is prohibited to ongago in hocvy industrics, thoso noods coptributo thoir
share in urging our pooplc, or at loast our governmont to start tho cxploitation
of tho Surigao Iron Orc. And tho Goological Socioty of tho Philippincs should

urgo our govornmont to acquiro as part of our roparations from Japan, a eomploto
machinery for Iron and Stocl production.,

METALLURGICAL TREATMENT OF THE SURIGAO IRCN ORE

In a modost way I am submitting this papor on the Blast furnaco troatmont
of 8Burigno Oro (thoorotically) bascd on known facts rogarding tho oro body and

bascd on tho Blast furnaco Practicc of Mayari Oro, as found in availablo lito=
raturo.

Mayari Oro end Surigoo Oro Comparcd,

Tho annlysos of Mayari orc is given by Richg
tho Surigao Iron Oro is given by Doan . Frashho
on tho noxt pago (Tablo I) for comparison.

| V. M. Mockay? and that of
+« The two analysos aro givon

B

4, Progross in Smolting of Mayar ha
* i Oro by o
Junc 4, 1914, Richard V. M, Mckay, tho Iron Agco,

5' Origin Of Surigao Iron Orc by Doﬁn c. msc

ho, Ee . XXV,
No, 3, May 1941, pp, 304, 305, » Econamic Goology Vol
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Tabla I.

Analysos of Mayrri Iron Orc and Surigao Iron Orc.

Constituonts !  Mayari Oro, Cuba ! Surigao Orc, P. I.
S10, 1 2,00% ! 1,33%
A1p04 ! 10.00% ! 7.93%
Fo 1 38.14% 1 47,77%
Cr ! 1,46% 1 4,19%
Ni ! 0,57 1 0.78%
P ! 0,01%% ! 0405%
Mn ! 0.57% ! ———
S ! 0.15% ! 0.17%
Hp0 (comb.,) ! 11.50% ! 13.61%
Hz0 (hygros.) s 23.22% g 26,77%

It is scon that the two orcs arc viry similar in composition, that ono
oro con almost substituto for the other and thoroforo wo can safoly assumo that
tho mcthod of trcatment of tho Burigno orc will follow that of Mayari oro,

Troatmont of Mayari Orc.

Briofly thc flowshocot of tho troatmont of Mayari orc is as follows:
Mino oro is air dricd in Allis~Chalmors "diroct hoat" coal dryor, thon sin-
torod in Dwight-Lloyd sintoring machinc, - both procossoss aro done in Cuba,
Tho eintor is shippod to Sparrows Point, Maryland, whoro it is amoltod in rog-
ular blast furnacos producing pig iron and slag. Tho formor is oxccllont for
casting and fair for stool manufacturc whilo tho lattcr arc casily fusibloe
2ltho of biggor bulk tb.an ordinary, Typical aralysis of thoso two products
as givon by Quincy Bent™ aro showvn in Tablo IT.

Tablo I1I,
Blast Furnaco
Pig Iron 1 Slag .
Constituonts ! % ! Constitucnts ! %
P ! 0,05 1 510, 1 18
Yn 1 0,09 ! 008 H 35
cr ! 2.9 ! Mg0 ! 15
Ni 1 1.5 1 S t 1.8
! ! 1

6. Tho Uso of Mayari Iron on Foundry Mixturcs by Quincy Bont, Ycarbook,
Amorican Iron mmd Stcol Ingtituto 1912,
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Tho subscguent troatmont of tho pig iron was doscribed by Linoa", as tol-.
lows: Tho pig iron was first Bossomorizod in an acid linod vossol., Horo most
of tho chromium was oxidizod ond slaggod, whilc nono of tho nickol was romovod,

The blowvn motal and tho slag showod tho following avorago composition;
(aftor Linos)

Toblo III.

Bosscmor Furnaco

Boasomor Stool : Slag
[ 1 - 1
Constituonts 1, % ] __Constituonts ! %

c ! 0,10~ 0,18 1 8102 1 22,80
P 1 0,06 ? Nno ! 7.70
Mn 1 0.10 ! FcO ! 24,18
s t 0.04 ! Croly 1 27,65
cr 1 0.20- 0,30 1 1
Ni ! ALl 1 i

1 ! 1

[

Tho abovo Bessomer stcol is furthor refined in an ¢pon hoarth, The charge
consists of 90% blown stocl 104 molten pig iron fluxod with roll scalo ond burnt
limc, Tho final product is as follows: (aftor Lines)

Tablo IVQ

Opon Hoarth Murnaco

Opon Hearth Stool ! Slag
I R i 3
Constituonts 1 % ! _Comstitucnts ! % —
N4 ! 1,0- 1.5 § 510, ! 14
Cc ! 042~ 047 ! FoO ! 16
! ! ¥no ! 4
! ! Cr,0n 1 s
! H Gas i 45
! ! Py0g ! 0,75

ey
n

Tho stool produced is a Nickol stocl whic

. h is superior to ordinary carbon
atooi having an ultimatc strongth of 10,000 1lbs, por sqe. in, morc than carbvon
gtoole

Y. Tho Duplox Procoss of Stool Manufactuio at ‘Maryland Stool \lork,

8
ADME, Transaction Vol. LIII, 1915, p, 359, Linos,



Teoatmomt of Surigac Iraa 0rg.

If wo nay now assumo that tho Surigeo Iron bo treatcd in a similer mannor
as that outlinod abovo for Mayari orc wo would expoct to obtain similay products,
With theso assumcd produots wo ¢an caleulate theoretically the amount of the raw
matcrial roquirod to smolt tho orc and the products obbained during emelting in
the blast furmaco.

CALCULATION OF TE CBARGE
ORE.

The analyeis of the raw orc aftor it is air dricd, and again after it is
aintorod are givon in Table V.

Pablo Vo Surigao Oro, Porecntago Coamposition

Constituonts ! As Minod ! Dry Basis 1! Sintorcd Oro, basis
Sio ! 1033 ! 133 ! 1561
Alzo',g ! 7693 1 8.22 1 9498
= ! 47,77 § 7069 ! 82,37
Crzos 1 4,19 ! 4054 $ $.08
Ni { 0,78 ! 1,03 ! 1,20
P ! 0.03 § 0,07 1 0,08
S ! 0.7 t 0317 ! 0.10 8

0 (cqnb.) ! 13,61 1 4,10 H 0,00
20 (hygcno) ! 26977 ! 0.50 ' ok adusind
Assuming tho pig iron to bo campogod of:
Congtitucntoe ! % 1 Consatituonts g %
~ Fo ! 92,05 t si U 0,75
Cr ! 2.9 1 v} t 2.7
Ni ' 1.5 ! P 1 0,07
H 1 S 1 0.03
1 1 ]

whieh is similar to the pig irom produgod at Mayari ore the woight of sin-
torod ore roguirod por 1,000 kg, of pig allowing 0.3% Fo going to slag asmounts
to 1601.2 kg (sintorcd ore) oguivalent ¢0 1927 kg, of raw o0,

8. Asmuning 1/2 of who sulphur has boon driven off during sintorisg.
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4 Fo in tho sinterod oro = 2Fo _ (82.37 = 57.66
Fop03

4 Fo going into slag 57.66 x 0.003 = 0:17

% Fo availablo for the pig ~-----~-- o= 57 049%

% Fo in pig ------ cm—n— 92.05%

Sintcred oro rcquircd per 1000 kg. pig will bo

«92 05
5749 = x 1000 = 1601.2 kg. sintcrod ao

Raw oro will bo 1601.2 (57.,79) = 1927 kg-. Taw Orce
47,77)

CHARCOAL.,

Inasmuch as no coking coal has bocn faund so far in tho Philippincs,
and we hovo available charcoal fram coconut sholl amd from "bacawan", and
ginco charconl is known to bc uscd succossfully in Swoedon in smolting iron
oro, I havo thoroforo choscn charcoal as the fucl usged in the blast furnnce,
in ordor to dovclop amothor possiblo industry, “Thc Charcoal Industry".

No annlysis of charconl from cithor coconut sholl or "bacawan” is availa-
vlo. I bavo theroforo assumed that our charcoal will bo similar in composi-

tion to tho charcoal now usod in Swodon in thoir iron smolting which annlyzod
as follows:

R ---- 80.31% 0 emeemevmns 3,54%
N caccuomaen- 3.54m Ca0 evce=ve= 0,89"
FOo0p =~==~e-= 0,32 510y ~===-- - 0,19
MO —mmeemme- 0.10" PpOp ===---= 0.0068%
S mmemecme—- ~ 0,017% B 14.04%

The minimum amount of carbon nocossary to bo charged in tho furnaco will

bo tho sum of tho carbon prosont in tho pig plus tho carbon nocossary to ro-
duco tho oro as given in the following oquations

Fog0z 4 600 --~ 2Fo & 300 & 500,

plus oxcoss carbon to take carc of the consumod CO gas by tho GO, gas coming
from tho sharge in the furnncc. 8 d 2 ¢

This amount woauld bo por 10O parts of pig iron containing 92,05 parts
iron, 2,70 parts carbon and using 80.31 poxr cgnt carbon, ne SRS B

Carbon burnod at tuyores = 6C_ [92,05) parts
2Fo

= 72 (92,05) = 59,17 partsg
112

Carbon in pig = 2,70
Total fixed carbon noccssary= 61,87
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Total charcoal nocossary to supply this = 61.87 = 77,04 parts,
«S031
alloving 107 oxccss to vako cayra of tho consumed CO gas by tho (Jo‘.a gas caning
from the chargo apd t0 furnish morc eat duo to highor tcmporaturc roguired
in tho roduction of chrwanitc,

10% of 77.06 = 7.7

plug —=-- = 77,04

Total charcoal nccossary = 84,74 or for 1000 kg. of pig wo nood
por 100 parts pig 847.4 kg. chorconl,

P ——
———

FLUX.

S

To will assumo to mako a slag similar to the slag producod by tho Mayard
orc, tho composition of which is as followa (sco Table II):

S10, ====- 18% Mg0 —=--= 15%
Apls ~-~- 309 = J— - 1%
00 wwmma- 34

The Acid constituents of the abovo slag:

Richnrdsg gtates that in in slags low in silica (bolow 30%) alumina
bohavalliko silica, in rogards to fusibility.

Silica in 810-5 - - O > e s @y wm e > on 2 00 O o & 18
Silica oquivalent of alumina

3 Sio (30) - 180 (30) O "D En W @ @ ey on - 26
2 %Ales) 204 m—

sumntod silica : - 44

Tho basic constituonts of thc above slag,

Cc0 in slog ———— eercmmemca— cocmen 35
¢a0 cquivalont of Mgz0
(Ca0_ x 15 = 56 (15) ~ewmecccacwa 21
MzO 40 -
Slmmﬂ.toa Cao ----- hadadeindniatade ol ad _—mvweos Bw v 56

Thoroforo tho ratio of acid to baso in tho abové slag will be ogual
to summatod gilica ovor sumatod Ca0 oquals 44 z 0,8 )
56

Using 0.8 as slog ratio tho flux which is requircd to slag tho sintorod’
Surigao Iron oro and the ash producod by tho chareonl, may now bo calenlatod,

From 1601,2 ko of sintorod oro tho products aro

90 Motallurgical Caleulntion by Richerd, 1918, p. 257,



Fo,03
Po in pig = 920.,5 .

Fop0p oquivalont of iren in pig Foo03  (920.5) xg.

2Fo
2 160 (920,5) = 1315.0 kg.
1iz
Fo,05 prosont in oro ® 160le2 (.82 39) « 1318,9 kgo
rbzoa oquiv, going %o pig iron eeecc—e- = 1315.0 kgo
F0203 romaining mmd goling to Slog =—-ee = 3¢9 kg

FoO to slog - 2Fc0  (3.9) < 144 (3,9) = 3.5 kg, to slgé
Fog0x 160

0z going to gassos = 1315-920,5) 3 (3.9 - 3,5)
o 39405 & 004‘ - 59%09 k o to QSSOSQ
wﬁmﬁnm
810y
Si in pig iran = 1000 (,0075) & 7,5 kg,
Si0p cquiv, of Si in pig w 8i0s (7.5)
Si

= 60 (7.5) = 16,1 kg,
28

810z in oro = 1601.2 (,0161) 5 28,8 kg.
Lcss S10p oquiv, in pig ~ecececeen a 16.1 kg,
3102 t o] Slag ----- 0 o e e o

= 9,7 ka, 5105 to alag
O0g givon off = 16.1 - 7,5 = 8.6 kg. og to gassos,

Al,03
Algo3 prosont in oro 1601.2 (.0958) = 153.4 kg. to slgE
All of which goos to 8lag.

Cro03

Cr in pig iron = 1000 (.029) = 29 xg,
Cry0z oquiv, of Cr, in pig = Crgoz {29)

2 Cr
= 152 (29) = 42,4 kg,
104
Cr203 in oro = 1601,2 (0,0506) = 81.0 ke.
Crals oquiv, going to pig ® 42,4 ke,
0203 8OIng t0 8lag —weee--- = 386 kg. 0r,0, to slng

Oz givon off = 42

Rio
Ni in pig iron = 1000 (.015) = 15 kg.
Ni0 oquiv, of Ni in pig iron =

=25 (15) = 19,1 ke,
2 ) kg
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Ni0O in orp = 1601.2 ({0.012) = 18,2 kg.
Ni0 oquiv, going to pig iron = 19,1

Ni0 going to slag (nogligible) 0.1 k_g.a Ni0 to slag
02 givon - off = 19.1 = 15 8.1 kg, 0o to gnsacs

P205
P in pig iron = 1000 (.000%) = 0,7 kg.
PoOs cquive of P in pig iron = P05 (0.7)
2P

”

1462 (0,7) = 1.6 g

Pg0s5 in oro = 1601,2 (.008) = 1.3 kg,

P05 oguiv,. in pig iron 3 1.6 kg,

Po0g going to 8lag e==----- - No'n—ﬁq

P cquiv. of 1.3 P505 = 2P(y 9) o 62 {1,3) = 0.6 kg.
Pp0s 148

0g given off =2 1.3 - 6 = 0.7 kgg. 0o t0 grEsos

lO‘)

S in pig iron = 1000 (0.003) = 0.3 kg.
S in oro = 1601.2 (0.001) = 1.6 kg,

S in pig =w==rm—-==moevo=- 0,3 kg,
ExcoSs sulphul ew—=--e---= 1.3 kg, which goos tc slog.
in the form of CaS. or (CaS) (1,3) = 72 (1.3)

= 32

= 2,9 kg, CasS to slag,
ca_ (2.9) = 40 (2,9) = 1.6 kg. Ca.

Ca roquirod by CaS

cas 72
¢na0 Toguired by Co = Cal (1.6) = 56 (1.6) = 2.3 kg, Ca0
Ga

0s given off fram Cad 8 2,3 - 1, 6 0 7 kﬁ. Os to gassos,

From B47.4 kg. charcoal tho products o2

c_
C in pig iron = 1000 (0,027} = 27.0 kg,
C in fucl = 847.4 (.8031) = 6B0.5 kg.
C in plg ——-me=m-mewme==- 27,0
C burnod to grsscs ~--=--  653,5 kg, all go to gassos,
0
™ 0 in fucl = 847.4 (0.035¢) = 80,0 kg, Al to gogscs
N

847.4 (0.,0008)

u
[l

" Nz in fucl

0.8 kg, all to gassos.
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Fog0n
Foplgz 1a fuol 3 847.4 (Q.0082) & 2,7 kg.
Eo0 oquiv, = 2Fo0  {2,7) = 144 (2.7) = 2.9 kg, Fo0 to slag
\ Fog03 160° S,
0, givon off 3 2.7 = 2.4 ® 0.3 kg, to gaossos.
i e Y
Sio02 .
’ S10p in fucl = 847.4 {,0019) = 1,6 k}ﬁ" Si0, to Slag,
Me0
MgO in fuol = 847.4 (0,001) = 0,8 kg, Mgl to slaﬁi
Ko0
K20 in fuol = B47.4 (0,005) = 4.2 ki, K 0 to slag
FPs05
P205 in fuol = 847.4 (.,000068) = 0,06 kg. Po0
P oquive = 2P __ (0.06) = 62 (0.08) = 0,026 kge
ons las
Sineo thoro was 0.3 kg, still unsatisfiocd in th
all the P in fucl will go to tho pig, ° Ple
Op givon Off B 0,06 « 0,026 = 0,034 kg. Ga to Bassos
° -~ ]
]

S 1h fuol = 84744 (0.000L7) 2 0,144 kg. which oo
tho slag as CaS. or (CaS) (0.144) = 72 (0.144)8 s into
S —

32
s _g_._3_2__c~as t0 slng.
ga_ (0?32) = 40 (0.324) = 0,18 kg, Ca,

CaS 72
-QEQ (0.18) a ﬁ (0018) ¥ 0,25 kg. CQO,,
Ca 40

Ca0
Ca0 in fuol ® 847.4 (,0089) = 7.5 ke,
Cal usod by S in orc -~ 2.3
Ca0 uscd by S in fuol = 0.25

Total Ca0 e-mmwmmemm-. 555 - 2.6
ST —c——G

Ca0 availablo & going to slag 4,9 kg, to slqg

Ca oquiv. of 2,6 Cad = Ca_ (2,8) = 40 (2.6) = 1.8 kg, ¢a
—e . L] -] Qo

a0 8
oz glVOn Off = 2.6 - 10 = 006 keo Gg to GQSSQS

{E:on X-Kgo Limostono fluzx tho rroducts arxo:

Tho X- Kg, limostono camos fram Licos, Cobu which annlysos is as ronowas”

8 annlysos of Phil. Limostono, Minoral Rosourcos op e TYe— om
° op 9 . [
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sio e 0n G @ 40 AP B 0,38%

Aly0g =mmwmmmene 0.18%
Cal  e-m-om-ooem 55 .62%
COp w=m=nmwmm—we 43 ,50%
HpO ==commsoeoes 0.17%

The slag foming constitucnts from 1601.2 kg. sintorod oro, from 847.4
kg. charcoal and from X-Kg. limecstono may now bo tabulatod and is showm in

Tablo VI,

Tablo VI. - Slag Forming Constitucnts
Constituonts § Oro ! Fuol ! Oro :» Fuol ! Flux ! Total

M
Sio 1 9;7 i 105 ! ll;.f.; § 0.0038{ [ ll.3 4 0.0038X
AL,8 1153,4 1 -o- 1 135 ! 0.0018K 11534 4 0,001€X
Crols 1 38,6 1 == ! 38d0 ] eeeeees 1 38.6
Fo0 ] 35 1 B4 5.9 | ! 5.9
Cca0 { e I 49 1 4.9 ! 0,5568K ! 4.9 % 0,5562%
Nio ! 001 ! -——— ! Ool ! ------- ! 0.1
Mg0 { -—- 1 08 ! 0.8 QP ! 0.8
Ko0 § o-ae 142 1 402  J——— v 4.2
cﬂs ! 299 ! 003 ! 302 ! ——————— ! 3.2
! ! T 2224 T 0,5618K  1228,4 § 0.5618K
Tho summntod silicn constitucits,
§10p =em-mmmmmmmmm=m=mT - mememmseee— 11.3 4 0.0038K
8105 oquiv. of Al503 pre ont
= 3Si02 (15344 + O. ~18X)
2 Alp0g
= 180 (153.4 3 0,00, X) w==m=e=== aw=l3503 + 0,0016X

|

baog

04

Tho swmntod limo eonstituonts.

Ca0 w===- cmmmmm———————— e

Ca0 oquiv. of Crzos orosc it

= 3 (Ca0) (38.6) = 163 (38.,6) = 168 (38.6)
crgo; ( 2(52)#48 152

CaQ ocquiv,

Ce0 cquiv. of Mgl prosont

Ca0 oquive Kg0 prosont

Ca0 oquiv,

of N10 proscrt

of Foo prosont = Ca0 (5:9) = 56 (5.9)

FcO na
= 020_ (0.9)= 56 (0.9)
Mg0 40
Ca0 (4.2)= 56 _(4.2)
K20 94

Nio 7
Sumnotod Ca0 eweveccowmee

{]

Sumnz ;0d 8ilicn =ee-~146.6 4+ 0,0054X

4,9 & 0.,5562X

= §2,6

4.6
1,3

2.5

a0 (0,1) = 56 (0,1) = 0,1
_5_( )

56,0 4 0,5862X
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Summatod silica = 0.8 (basod on Mayari Slag.)
Summated lime
Thoroforo 146.6 ¢ 0,003 = 0.8
56,0 +# 0,5562¢
146.6 $ 0,0054X = 0.8(56.0% 0,5562K)
146.6 & 0.0054X » 44,8 & ,44496X
0,43956X = 101.8
X - ;_-_0‘;-08
0,43956

231.6 kg._ limosgtono.

From 231.6 kp. of limostono tho products aro:

5i0g

Si0g presont in flux = 231.6 (0.0038) = 0.9 kg. Si0, to slag
Ales

Al;03 proscnt in flux = 231,6(0,0018) = 0,4 kg. Alg03 to slag
COs

€O, present in flux = 231,6(0,4350) = 100,7 lcg. coa to gassos
cao

Ca0 pregont in flux = 231.6 (0.5562) = 128,8 kg, Cad to slag
Hp0

HpO presont in flux = 231.6 (0.,0017) # 0.4 kg. HoO to gassos

THE BLAST

Assume tho gasos at tho throat (driod) analyzo:

| PR 57.3%
00 meemmam 23.1%
COp mwmw== 14.8%
Hg '''''' - 433%
CHy ==mwe= 0.5%

Tho fixod earbon of tho fuol, only, furnishos tho carbon in tho pig iroPs
tho rost going into tho gassce. Tho blast is thoroforo ealculatod as fOLLOWS:

C1n G0y of fMx = C _ (100,7) = 12 (100.7) = 27,5 kg,
Co . .

2 a4
C in gassos fram fucl = 653 .5 kgo
C in gnsscs Altogother vemewecwcee rmemwueenm 681.0 kgo

In 1 eu. m, (1000 litors) of tho gas thoro aro:

CO ~--- 1000 (0.231) = 231 1,
CO2 == 1000 (0.148) © 148.1-



=17 =

C 40 commma wemcee CO° L L ——— Co,
12 22,4 1, 2 ° 22,4
X 231 y 148
X = 231 (12) y @148 (12)
224 22,4
C & 2Hyp w=cceceeeen CHj
Ta e 224
A 5
2=5( 12’)
22,4

% Tho C in 1000 litors of fluo gassos will bo

X+y+2=:31912) 4248 ((22) + 5(_12)
22.4 22,4, 28,4

= (231 & 148 ¢ 5) _12
2244

orthc Cinl cu, me = 231 4 148 & 5 12
1000 R2 .4

2 0,20736 kg,

Volumo of gas por 1000 of pig iron 2 68l.0
0.20736

2 328441 cu, m,
Ny in tho gas = 3284,1 (0,573) = 1,881.8 cu. m,

Wt. of No = 1881.8 x 1,36 (spe gr.) = £,371.1 kg,

Nz fron 01 - lad 2370.2 kel_('g.
Np from blast — -~ 72,370.5 ke,
012:ygon from blast = 2370.3 (o3) w== 7113 kg

OR: Tho blast may bo calculatod as follows:
Assuno tho gnssod to contain 2 1/3 parts CO and 1 pott CO,.

ho 681.0 kg, of C, 2 1/ parts goos to CO, 1 part
Thoroforo of ¢ s .31

goos to GOg.

0, roquirod for CO is given by tho oquetion: € & 0 «--- CO
2 12 16

0, roquired for CO, is givon by thc cquation: C $ 20 ~-- CO

12 32 2



Thoreforo O, roquirod for CO = 2 1/3

Thorofore 0p roguired for COp = 1

- 18 =

(681.0 ) (16) = €35.6
"3 1/3 ) 12) .
(681.0) (32)= 54449
3 1/5 12
Total Og required -w-e—---cacc—eoccoe- 118065 kgo
0y dorived fram chirgoe ----ecmecccc~em- 4622
05 to bo furnished by thc blast ~e-~-- 218,3 kge

Weight of blast -~ 718,83 = 3096,1 kg, of air
0,232

SUMMARY OF SURIGA0 ORE ELAST FURNACE (PROPOSED) BALANCE SHEET

SINTERIED ORE:

W, 3 160)1.2 kge

Consti- ! { ! ! 1
tuonts ! %1 Wte ! Pig Iron 1 Slag 1 Gassos
! 3 ) { : H ’ H )
1?0203 1 82,37 t 1318,9 ! Fo = 92045 I FaD= 35 1 02 - 395.8
5103 1 146l 1 25,8 ! Si~ 7.5 1 947 105 - 8.6
Alzos 1 9,58 1 153,4 ! vrevecan—- ! 153 .4 | cnccmce—e-
Cr 05 1 5406 1 81.0 ! Cr - 23,0 ! 38,6 ! 0p = 1344
Ni ! 1620 ! 19,2 { Ni -~ 15,0 ! Gsd i Oz - -9 §
1’205 1 0,081 1.3 1 P - 0.7 1 R, ! 05 -~ 0.7
5 H 0:10 ! 1,6 ¢ 033 {1 Chs = 2,9 1 0p - 0.7
100,00 1601.2 9730 208,42 4233
CHARCOAL: Wto » B47.4 kg.
C § 80,31 ! 6805 b 7.0 ! ecemeew 1 C = 6535
0 1 354 %Y 30,0 1t m———— cwm——— 1 05, ~ 30,0
N H 0,08 ¢ 0.8 1 Y ! -———— 1 Na - 0.8
Fozo,‘5 ! 0432 ¢ 2e7 ! e ——- 1 FoO « 24 1 02 - 0,3
Si0g 1 0,19 § 1.6 1 eeacee i 1.6 H ———
C20 ! 0,89 ¢ 75 ! coem—— 1 Ca0 - 4,9 1
1 H ! t Ca - 108 i 02 - 006
Mgo 1 0,10 0,9 ! POV | 0.9 ! R,
KQO ! 0,50 1! 4.2 H - i Legl 1 ———-
Pp05 10,0068 1 0,06 ! P - 0,026 1 ———— I 0g = 0,03
S 10,017 1} 0.144 1 crneee | CaB -« 03 ' B
'HzO { 14,04 ¢ 119,0 ! -~ ! eeemw - { Hao - 119,0
99,98  B847.4 27,026 15,3 80443
LIMESTONE: Wto = 231,.6 kgo
Si02 ! 0038 ¢ 0.9 ! ————— ] 0.9 1 PR,
Al 05 1 0;18 1 004 1 _—mm—amo H 0;4 1 -
cab | 55,62 1 128,8 ! m———— ] 128,8 ! e
002 1 4350 8 10067 1 ecmce- - 1 ——— { CO, = 1007
H,0 1 0217 0.4 1 A ——— - § e ! H,0 - 04
99,85 23102 m———— T30 o1 01 o0,
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ELAST: Wto = 3069.7 kg

Consti- 1 ; i 1 1

tuonts 1} % ! Wt ! Pig Irom $ Slaz 4 Gassos
1 1 i § ! ] '

03 i § 718,3 ! i ! 02 - 718,3

N ! 1 2377.8 1 ! I N, -2377.8
1 H ! ’ 1 i 1

GRAND TOTAL ] 5775.9 1§ 1000,0 ! 353.,7 i 44247

SUMMARY OF THE CHARGE TO PRODUCE 1000 KG, of PIG_IRON (1 MPTRIC TQV)

1. Minos raw (rg —eeeseeee== 1927.0 kge
2. Sintorod Ore ~=ee-=w--e-- 1601.2 kg,
3,. Charcoal 84744 Kge
4, Limostono «= 231.6 kg.
5, Blast --- 3096,1 kg,

The pig iron thus obtainod is high in Cr and Ni, Tho Cr will
hardon stool whilc tho Ni will toughen the stoel. Thorcfore the pig iron
will po favorable for casting purposose

1f structural stocl nocd bo mahufacturod out of this pig, it will
to oliminato tho Cr by oxidiziog it and fluxing it in tho

be nocossary
followed by Opcn Hoorth trcatmont in order to rc-

Bossomer convortor thon
move tho phosphoruse

In tho two procossos tho following drawdbacks aro obvious:

1. Tho Cr 1is logt in the form of slage
2, Congidorable Fo i8 oxidizod during olowing in thc convortor

moking Fo rocovery Iow,

For this roason it might pay to pro-loach tho oro of its chromium
contont and then tho residuc bo smolted to givo ons a pig iron oxeollont
for tho manufacture of Niokol stool. This lino of attack will bo an oxcol-
lont fiold for a motallurgical rogsoorch, and it is suggostod that tho Burcau

of Mincs undortoko such a studye
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