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“INTRODUCTION,

The subjsct of this thesis 1is pyritic smelting in

ths Tngtitute blast furnace of & mixture of copper-nickel matte
and cupriferous pyritéQ With the ordinery reducing sme?ting in
the Institute blast furnace, 187 of coke is used which furnishes
a reducing atmosphsre., In pyritic smelting, no ccka or enly a small
amount 1s used, and this causes the smelting to take place under
oxidizing conditions, The exidation of the iron and sulphur of |
ths sulphade of 1ron =2nd the formation of ths slag, furnish the
whols or the greater part of ths heat necessary. For the succass
of ths process, it is necessary to have an abundant supply of
air at the right pressurs and a sufficient quahtity of silica
to slag off the iren which 1s not required for thse desired grade
of matte.. Ths matte concentration is affected by the amount of

air furnishsd, by the quantity of silicia present and by the coke
addqd .The 8lag composition under given conditions 1s always
constant, An increasa of silice will not change this composi-
tion, but causaes the formation of = larger quantity of slag and
a rise in the grade of the mstte.'

| MATERIALS, ‘
The ors smelted consisted of equal parts of coppsr-

nickel matte ahd cuprifercus pyrite, .
Matte. The matte used was a mixture of four 1lots of copper matie
and ons 1ot of nickel matte producsd at ths Institute in labora-

X
tory runs and in a thesis run of 19808, The five lots of matte



wsTe separétely bfokan by hand te 30 mm, and scrswed dn 8 mm,
gsisve to remove the fines, as only the oversizs was to be used.
'Thia wag sampled by fracticnal sslsction, ons tsnth part by
waight of sach lot being rsserved as sample, The samplss wsre
combined and reduced te 1/4 inch in the Sturtevent roll-jew °
crushsr, Tpa combinad sampls was then halved in the Jones samp-
1sr and ths resarvéd poartion nut ‘through the Hendrick-Bolthoff
sampls grindsr to pass a 30 mesh sieve, then split~shove1¢d down
te 485 grams and this ground on the bucking plete to pass a
100 msan<sc;een. The matte was found to ba megnetic, hence ths
metallic iron particless from the machinés could net be removed
,with a magnet, |

The matte was analyzed for Cu, Ni, Fe, Pb, S, Ca0,

Al, 04 and Si0,

Ths sample for analysis was freated with a solution

of bromide in HNOz (Sp.Gr.1.42). After action éeased, concen~-

trated HO! was added, and the solution beiled until no more sub-
stance was dissolved, The residue was then filtersd, fused with

Nag COzand added to the main solution. The solution was then

’ evapcrated to dryness, dehydratad, HG/and water were added,

and the silica filtered off, washed, ignited, and waighed,

x Foot-note from ls%t. page:!-- Theels No, 341 by A, H,
Bfadford and C, A. Gibbons, Jr., '



Hg S was passed intc the slightly acid fiitrete, the
sulphides uf.coppér and lead wars precipitated and filtered., The
praecipitate was dissolved in H N Ozand the solution electroly-~

zed, The copper was welighed ag Cu and the 1sad as Pbo;e

The filtrate was evaporatsd nearly to dryness with
HQS 04 watdr was addad, and the solution passed through 2 Jores
?
reductor., The iron was detsrmined by titrating with K Mn0, °
Aftar titrating.the solution was svepotated to sbout 250 e¢.g.,

and ths nickel prscipitated by the dimsthylgiyoxime method and
Ni

H-N O
weighad as Cq 14 44
A frash sample was teken for the dstermination of

cgo' and Al o Oy It was put inte solution as above, Siog' s
Cu and Pb were ssparated ees shown, snd the combined hydroxides
of aluminum and iron thrown down by means of 5 dQuble ammonia
prscipitation, filtersd, ignited and weighed, As soms nickel is
carrisd down its amnunt hag to be determined, This was dons

by fusing the ignited precipitats with KHSO0 4 » taking up with
water, precipltating with dimethylgiyaxime, and weighing, De-
ducting the wsight of the previously detsrmined oxides of'iron’

and nickel gave the A12 05 .

The calcium was precipitated in the filtrate as cal-
cium poxalateThe precipitete was dissolved 1ni32304.ﬁnd titrat-

ed hot with?KMh04.

Sulphur was determined in %ne sample by the Fresenius

methed of fusing with Na, Cosand K N 0- and in another by the

Gloser method of fusing with Na O



The mette was found to contain some magnetic oxide

of iron, The analysis gav: the following results:

Cu | Ni | Fe | PD S [ ca0]a1o0lsio | of | Tote1 |
% |9.54 | 2.35| 55,32 | .42 | 25.94| .46 .45 |.63 |4.89 100

: # 0-as Fe0 and F8304.

Pyrite. The pyrite used came from the Fustis mine at Caple-
ten, Province of Quebec, Cenada. The ore was & massive copprer-
bea;ing pyrite with some quartz as gangue.lt was broken by hand
to pass a 30 mm, screen, the smalls , finer than 8 mm, were
remgvedﬁby Bcresning. The coarse ore wae halved by fractienal
selection and one half sampled by taking pleces from it when
spread on the flecor., The sample waes crushed in the Sturtevant
roll-jaw crusher, cut in half by means of the Jones sampler
and ground iﬁ the HendricksBelthoff sémple grinder, The pulp
was then split-shovelsd to 210 grams and this amount bucked
through a 100-mesh sieve. The metalllc iron from the wsar of
+he machines was removed with & magnet.

The pyrite was enalyzad for Si0,° Fé}iA12°3 . S, =nd

| Cu. The Si0_ » combined oxides of irnn end aluminum and S
) 2

were determined in ona sample, es fcllowd:
A sampls of about 5/10 gram, of pyfits was diasolved

in 20 c.c, of & frehly-mads mixture of three valumes HNO3

(Sp.rr.1.42)-and one volume of HC1 (Sp. gr. 1.20), When dis-
integration was cﬁmpleta 5e¢e.¢., of sodium cerbonate sclution
wers edded. The whole was evaporated to dryness,treated with

5¢.c, HC1 and dehydrated, The residue wes moistensd with



5
lc.c. HCi,,IOO c.c. of hot water wers added, the whole heated
fo boiling and.the 8ilies filte?ed off, washed, and ignited |
and weighed. A test with HF showsd that the insolubls residus
wag silica, |

The filtrats was treated with braminé water tb oxidizs
the iron,., The cnmbined,oxidae of iron snd sluminum wers precip-
itated by pouring phe heot filtrate into an excesa of ammonia,
filtering off the hydroxides. They wers re-dissnlvedin HQ1
and"re~§recipitated with ammonia, Thi§:5600nd filtrate ahd
the washing were added to the first filtrate. The precipitate

was ignited and weighed as Fe/ 0z and Al,0:  Sulphur wese
dstermined s Ba S0, Dy precipitating with Be C1, 1P the hot
filtrate.

Ircn was detsrmined from ths‘saéond sample of pyrite
by dissniving in the same mixturs of nitric acid and hydro-
chloric acid as above ; filtering, fusing the residue with sodi-
umn carbonste, adding watsr and suphuric acid (cone,), evap~
oratad until fumes are given off, passing through a Jones reduc—;
tor and titrating with kKMno,. Copper was determined in the

third sémple of pyrite.:It was dissolved as above, neutral-

ized with ammonié, madé slightly acid with hydrochtroric acid,
- heatsd to bailing aﬁd hydrogen éulphide rassed in, The precip-
iteted copper sulphide was filtered off, dissolved in nitric
‘acid and electrolyzed. The follewing are the results of the

.‘analysis,

Fe S Cu [ sio [ a1,0

Oo | A1204 To#al

# |40.62 | 45,11 1.25( 10.12[ 2.07 | 99.17




- The fluxes used wers limestone and quartz,
Limest?né.The limestone ussd was a very purs white marbié. 1t
was sampled, crushed, and ground to about 30-mesh in the sans
way as the pyrite, The sample was split-shovelsd to 300 gramg
and then bucked through s 100-mesh screen, All metallic iron
. pregsnt was removed with a magnet, The analysis was carried
out in about the same way as in the Spathic Iron Ore Proceed-
ure, common in the Institute Laboeratories.

The analyais waé ag followe{

Ca0 | MgO | FeO | Si05 ceé** Total
% | 54,16] 1.13] .35 | .21 |43.89| 99.74

- # Calculatéd.

Quartz, The quartz was the same used in the thesis of Messrs,

Bradford and Gibbons, Jr., in 1908, Theit analysis gave:

5105 FeO Alp0z [ Total
7o | 96461 | 1.50 0.49 | 98,60

!

For use in the smelt the quartz was broken up by hend
to pass through s 30 mm, screen, The fines wers not removed.
Fuel. The fuel usad was Everett coke teken from the Institute
bins, A sufficient quantity was put aside’fbrdtna run and samp-
led by réserving aipiscé from avery’fourtn'ehovelful. The samp-
1le was broken by hand; tﬁen erushed and ground in the sameg way
as ths pyrite, It was aplit-énoveled down to 100 grams and

this amrunt bucked through a 100—mésh screoen, The following



18 "approximate" @nalysis of the coke.

FixedtCa;rbon * 80 l).. .V.....OQ l’??.oz %

Volatile Matter....iveeeesss 676 %
| 16.22 %

Ash'.....ii.'vl..l.......QQDO

Moisture (Undried Sample)...00.92 %

The ash gave, upon analysis,

A12°3

Mg0

SiOg

Feq0z

A1203

LSO%~

| a1x's

Total

6.39

283

32.10

35,10

15, 75

3,75

4_38

100.00

In the subjoined Table I are assembled the results of

the above analyses,

Matenals| $i0,| Fe | Fz0 f&g&(ﬂO MO |[ALG|1CO,| O | S <3qHAH Pb.
Matte. | 0635532 046 | a,{;s 4.89| 2594 9.54|2-35| 042
_Pgri?é 1012 ?/é.ez 207 45| r25| .
Limesle|0.2/ 0.35 5416 413 | |4388 |
NQuartz | 966/ .80 1047 SQ,,é AlKs
(9 1sar0 3510|637 | 253|575 375|438

For convenience in calculeting the slag the percentage

of magnssia and alumina  wers changed inte equivalent percent-

ages of 1lime and added to tne Ce0 column. This was done as

follows.

Mol. Wt. of Ca0.

Mo, Wt, oﬁlaos

x 7 A12 og:Equivaient % of Cal .



Mol, Wt, of Ca0
MoI, Wt, of Mg0

x 7 Mg0 = Equivalent ¥ of CaoO.

Table No, I 1ia thus changed as given bslow in Table

324,10 .

31.59

Ne. II. - -

Materials| Si05 | Fe0 | Ca0 S | Cu Ni | Pb
Matte 0.63 | 7.12| 0.71| 25.94 [ 9.54 | 2.35 | 0.42
Pyrite  [|10.12 |52.22| 1,13| 45,11 | 1.25

Quartz 96,61 | 1.50| 0.27

Limestone | 0.21 | 0.35 | 55,73

Coke Ash 18.53| 1.50




DESCRIPTION OF THE BLAST FURNACE,

The blest furnace of the laboratory is similar to the
Arizona coppsar blast furnacs. It consists of a watar-jacketad
boilsr shell resting on four cast iraon ¢olumns, The working
height 1is 48" and the distance from the bottom to the lsvel
of the tuyerss is 14". The dismeisr at the top of the furnace
is 23-1/4" and at the bottom 17-1/2",

There ara seven tuyerss —- four 1-3/8" and thrse
2" in diametsr, The buatle pipe is 6" in diamster, This is
shown in the drawing,

Ths crucible was put in the furnace as follows: the
bott~m plate was placed in position and clamped, Then =2 mix-
ture of 3 parts coke, 1-1/2 part ashes and 1 part fire clay,
was Introduced through the charging door and tamped firmly
inte place. Ths furnace was filled up to ths laval of the
tuyerss with this material firmly tamped down, Then ths plats
which closed the brsast of ths furnacs was removed and the
central part of the compact brasque dug out leaving the cru- ..

cibls with the cross sectinn ahown in the drawing,

THE  BLOWER, .
The blowar which supplisd the air to ths furnace is
a Root No, 1/2. It has a rated capacity of 487 cubic feet of
fres air per minute, running at a rats of 325 R. P.M, The

blast main is 68" in diameter.
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1C
The volume of air furnished to the furnace was meas-
ured}with a Pitat tube and two U-tube menometers , giving

respectively the static and velocity prassure heads.
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APPARATUS.
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BLAST MEASUREMENTS.

M Connected to Static Tube.
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CATCUIATICN OF CEARGE,

It was decided to smelt a mixture ¢f equal paris of
matte and pyrite snd te pruducs & mette with 307 capper end
nickel,

AStafting with 50 Kgs, mette end 50 Kgs, pyrits,

The mixture cantains 5,40 Kgs, Cu, 1,17 Kgs, N1 =2nd .21 Kes,
Pb, Total =6,78 Kgs, Cu, Ni, Pb,

These 6,78 Kgs, = 307 of Wt, of matte,

—=0—" X 100 = 22,8 KXgs, 1s the Wt, of matts te be
preduced psr 100 Kgs, ore,

New 5,40 Kgs, copper = 6,76 Kgs, CugS

2,13 " Ni.S

L
1.17 Ni 259

i

0.21 " Pb = 0,24 " Pb S
Tatal = 9,13 " Mette.

The FeS in the mette will be
22,60 -« 9,13 = 13.47 Kgs,
Te supply the FeO necessary fer this 13.47 x Feb 11.03 ¥gs,
.12 Kgs, coke per 100 kge, mette and pyrite wgifsused.

A fermer run, similer in cherscter to the present
one showed that an additien of 12 Kgs. ceks tc 100 Kgs,
of ore would supplemsnt the heat genarated by the cembust-—
ien eof 1ron and sulphﬁr -~ hence the sams smeunt ¢f fusl
this time.

The slag chosen had the fcllewing compesiticon:
81 0p5* 36.8 7; Fe0, 51.2 ¢; Ca0,12,07, Tt lies within the
range ¢f pyritic sleag.

The teble Ne¢, II1 shews that the proposed charge
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cantains 62.29 Xgs, Fel,

Frem this total will have to be deducted the number of Kgs,
Fe0O geing inte the matte,

82,20 - 11,03 = 51,26 Xgs,., Fe0 te be fluxed,

The Silica necessery for tnis Fe0O squals 36.8 X 51,26
51,2

= 36.84 Kgs.
Tabls Ne, ITI shows that thesre is 6,00 Kgs, silica present,
Hence, S1 0, te be supplied equels 36,84 - 6,00 = 30;84 Kgs.
The quartz used conteins 95,53 7 avallabls SiOg»

Theretere quartz thet has %o be 2dded 30,84 X 100=39.95"

95.53
To £ind thas Cal0 nacsssary the silica was used as

the basis ¢f calculatioan, As shovn by teble Nc, IT] there

are new present 37,20 Kgs, eof 510,°
Ce0 necessary for this is

12 _ x 37.20=12.14 X
555 . 12.14 HKgs,
Thers are alrsady prossent 1,37 Kgs, Ca0,
Hence the Cal to be supplied 1is
12.24 - 1,37=10,77 Xgse,

The 1imsstena centeins ,357 FeO. As thiz is equivelent

to 12
rgl.g‘x 35 :j FeO = 008% Ca0, thers is

55,78 ~ ,08=55,657 Ca0 availeble in the limestons.

Hence, the limestens necessery te furnish the Ca0d is

0,77 —
—F5 X 100= 19,36 Kgs,
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111,

TAEIF NO,

wi

Mo terials| Kgs. S/ ON Fe Q QQ Q /ma Q 7 N/ b ﬁ-\\Q\rﬂ\mu.

Yo | wt | % |wt | 2% |wt.|9h |wt|oh |wt| o | wt | op | we

_MalZe S0 | 0.63|0.317112|35560.7/ | 036 |2599\/297| 954 |4 77\2.35| 1,77 lu72 | 0.2/ 32.97

hw\\\.bo. | S0 |/0/2)| 5.06|5222 Nm.b.\ (/73 0. 56| %46/M)|22.5¢) £.25 0.63 F2.97
Cofe Ast | 1.95|32/0|0.£3|31.57| 0.62(/8253|0.36| 1.52| .03

Joral |/0195 6.00 £2.2§ 7-28 3556 gHo /117 a.2/
'Qm\;Q\\N 3227 19¢.6r)131.20| 2.50| 0.43)|0.27 | 0.99 | 2,29
Limesté |/9.36 Q.wa 0.040.35| 0.07 ,wHNw 10.78 /2. 77
7oral /5340 37,29 mnM:\ /2,15 2y
|CoXe. | 7200 Nw\a

Slag 268 572 | szo

*%&N.gr.r .4 .
+$§om\u.\»¢ NQ\\_\ q&m\w\w\v\ Lrt03 Az Nm\nég
g w.mkma%egrg\r%w& .
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DESCRIPTION OF RUN AND DATA SHEEETS,

The furnace was blewp in et .45 AM . The blewing
in cherge censisted of paper, kindlirg wced, charccal,
coke, coppar elag ind scme [ins ceprer matte, The indiv-
idual chargss and ths ordsy in which they vere fed are
ehawﬁ in the weigher and feeder's date sheets, The blaw-
ing in charges were the same =as thase used in the labora-
tory fcr blewing in the blest furnace for a normal rsduc-
ing fusien, The furnacs, filled witn the blowing in chﬁrge,
wag lighted, later, a tuyerg was inseried in the teap-hcle
and a gentle blest turnad en, This wasg kept‘gning until
the chearceal and coks were burning freely., Then the four
1-3/8" tuyeres were inssrted erd ths furnace run & while
mnti2 1t get het encugh fer the pyritic charce, Mow the
thrae 2" tuteres were put in =nd the regular pyritic
charges cf 100 Kgsz, of ore end flux with 8 Kgs, cof ccks
fed.

Puring the —un the following reads were taken: temp-
erature of Jecket water =t inlet =rd ocutlet, =tetic
end velecity heeds of tho blast, meisturs (Greins ror
cvbic feet ) in the air, bercmetric prassurs, etmezpher-
ic tempsreturs, anrd thes temperature ¢f the =lag, The jeck-
et water was measvrad a2t intsrvels by weighing the cver-
flcﬁ during e half minute, Chilled slzg semples were Gb-
tedned frem evary slag part. Two flve gas enelyses wore

eler meds during the run,
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Tha furnace worked very well, the slag shcwsed greet
filuidity and the sam: was ths case with the mette of which
a very largs amnunt vas preduced, An artificial bash waes
formed in the furn=ce g£s shown by the drawing, the tuysres
wers black most of the time,'but the blaet penetreted the
wall aécretian without difficulty.

The run ested till 2,15 P, M, The tetal emcunt of
materials fed was 230 Kgs,,elag;, 236.8 Xgs., mette,; 216,09
Kgs,, pyrite; 132.9 Kgs., quartz; 72,1 Kgs,, limestcneg;

and 84,1 Kgs, , COKe,
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WEIGHER.
. Charge Ore. /'—/U x. .
ZJ—@ No. COke' Matte. P_yr/'te. S/Qy' Quartz | Limese! Slgﬂa ture.
_ / 3/6W‘5&— W;‘/v‘#
?'”j 3 Sorda | Aafeowl B
2 |36
3 1§ 50
g./70 | % |/¢ 100
_;_7.20 slig |20 0 | ga| 0| 0 A/(/ﬁ@
v 7!"{;'3/ :é 8\. 330&3302 2"3 I2'8 t S
J1000|7 | € 33.4 339 2113[12:¢] y
/}/ ‘(/0\)7 8/ & 3'5(0 330 2‘[‘} (2-§ .., .
A9 ] € 2o | 330 |3 |28 g
;Mﬁ (01 B 1335|330 213 | )2%] .
eIy B30 s liag] ¥
. \ L wseod o pats %‘ﬁ
ﬁ//,qs | 2| 4625|185 |21 .3 i el sy Ty llpe e
129433 & | | — — | — Bt Bonitic eaiitts)
’ g‘ [A/b@\(’ W
/2 99 ) /v © 1/77/(2,,”,‘,3
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FEEDER 2 55:24_
itz e C'ﬁ?-§: Feeq door Top 'F/c‘/deﬁ_éza& Signature.
CoKe |Charge| No_|7op  “Chrg\Her-Cold|TimelTemp
3 ez Hond Loy
/ Lzlmfa. Udherval,
2
3
o -
- 7259 3,“%'&&/ /V//M7 |
/, _
"= Yot | 6 2.6" | pH ponoob
Mo3d 7 |1 Coiy A oo %
vM?C/Sig /,/ Wenty e .- /
| 722l
Ass1 9 |67 |+ ‘ e
/1133 10 /,/3// cotl/ SRS K 3//‘/6' )
1204 1) | 200" o (%/ A
o y Lo (12 F o //.55
¢_>./Lz_3 /21 767 \greF 12045
19, l12e3| f2 |20 T4 ﬁ?@v«b
et pp e ||| oo
(




~

Time |Blost Press Overf Sow WoTer|Fd WaleHAthmo Signaiure.
Static| Vel | Temp.| wk Temp.| Temp.
P Launn 0
945 | &5 |-36 | I 1257\ £p° | Bofotod
10,05 | 6H4r| 36 | 9 9.7 16371 .
100 | bHr 28 |§E 27 les™|
Vol |6or| 3] |Tia 2 (e |
j0:26 ¢35\ 3] |68 125/ \elo |,
4
w3 4g |, 77| )8 Ay
4
poHo | 4G 140|929 20 668 |,
104F 5.2 |58 (920 ks, | 20/ |ecs | s
1047 - | nye |L5F | g4 129 1 P
0 g8 | I |72 | 8IC 220) fﬂzf} Y
Ki:o3d |.ede |67 |55 127 677 ”
2 //.. élll/a .60 734y 7.0 K. | 12./ 673
122 | ¢&f |60 | 7290 120 8| a
/1030 V6T W) (924 122 | 60|
11:36 00 162 | By vrng| 720 | 60| "
1147 (-7 ,41,73'0 r2.] | 690 v
N2 0046 7/ |62 \GL 6N 1228 6ps | a
[Ri16 |76 |l |8f0", 124 \¢5-g| ~
12522\ T F8N 63 | T70 | 2k ()R | 6Fo |
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CIEAN UP,

The products cf the smelt were divided inte pyritie
sleg, pyritic matte, preliminary matte, préliminary and
final elag and oddds and ends, Towards the end of the pre-
1iminary ruﬁﬂ ths pots were kept in the order in which
they were filled, an as te¢ keep separate the preliminery
slag and.matt frem the pyritic and to distinguieh them
when celd by the difference in eppesrance of the slag;
‘The preliminery end alsc‘the fin=e2 slag were black in
color, vitreous in 1ustré while the pyritic sleg wes black
but was dull and non-vitrecus. A1l the matte proaduced
after that which %ad bsen fed witih the biowing in cherges
wesg censidered to be pyritic matte. The odds and ends
- inc1luvded the crust forming the. bosh or wall accretion,
the matte-scaked porticn of the crucible, and the mater-
iel drawn frem the furnace after the last tap excepting
the unburned coke which wée iicked out by hand,

It waa decided not to¢ sémplo and anelyze the prelim-
inary matte,as,being squal in wéight te the matte added
during the preiiminary run,its composition was assumed te
hsve remzined unchanged, exceptirg the smount of cepper
that it prebably tock up frem the blowing in slag., A1l
o{her praduects were broken by hand to abeut egg-size =nd
then sempled by frectirnal selecticn., A hed of each wes
preserved as a sample, and a hedful crushed, greund,_and
bucked te pase a 100-mesh screen in the seme way as was

done with the samples of ore for the smelt,
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Analysis eof Preducts. The preducts of the run were enal-

yzed for their ceppsr, nickel, and sulphur cantents,

'In edditien, there were determined, in the pyritic mette,
the iren, in the chilled semple of the pyritic slag, the'
0 Ca0, Mg0, and AlgOS' The methods ¢f analysis

. were similar to thoas used with the raw materials of the

Fe0O, 510

smelt} Soms difficuity'was experienced in determining the
copper electrolytically in the pyritic slag and 1in the

edds and ends. The resuits ware checked by the me thod of

ttration with potassium iodate (KI0g)devised by C. S,
Jemiesen, L, H, levy, and H, T, Wslls ard published in

the journ=l of the Americen Chemical Seciety, 1908, Vo1l,

I, Page 760,

ANAIVSIS OF PRODUCTS. TABIE NO, IV,

Materials Cu | Wi S Te

Hatte 8473 | 1.,95| 26.25 |58.65
Pyritic Slag 0e76 | 0,06 2.75

Prel, & Final

Slag. 0.28 | 0,00 | 1.48
Materials S Fe0 Si0s [ Ca0 | Mgo Al502
Pyritic Slag B |
Chilled Sample 2.57 128,80 | 37.35 | 18,34 [ 0.86 | 4.61




GAS ANAIYSIS,

COo& SO05 0 Co N
1 19.6% | 0.67 | 1.8% | 78.0%
II 20,67 [0.4% | 3.4% | 75.6%

No. I

No. II

0.35%

0.15%

23
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ACCOUNT CF STOCK,

The blewing in cherges contained 20 Kgs. of matte,
the analysis eof which was nnt known, For this reason, e
complete acceunt of the copper is net possibls,

. Tha first.eo Kgs, of matte produced resulted from the
matte mixture and feoul sleg used in the blewing in and
wag agsumed te contein el ccpper not ecerunted for in
ethef products. The belance shest was made, using this

, assumpticn, | '
The balance sheet ¢of sulphur wes calculeted conly

forthe pyritic run.



BALANCE SHEET OF MATERIALS,

TARBIE NO VI,

25

Materials | Wt.in Copper Mickel
rd | S T TR | F [ A0
Matte 216.8 [T 9.52 1 20,88 800 2. 35 509100
pyrite | 216.8| 1.25| 2.70]| 10.54
Matte Mix | - 207¢ ‘ |
Fowl Slaz | 330.0| 0.67 2.22| 8.60
Quartz 139.9 |
Limeratone 84,1
‘Coke 160.6 .
Total 11682 25,60 5.09

This analysis unknown as it was decided just before the

run to add the matte mixture.

TABIE NO, VII,

% (Of , o of
Produced  Kgs. 4 Kes | motas 4 Kes | pgtanl
Matte 216.4 [*8.73 [18.89 |73:80 | 1.95| 4.22 |88.65
Prelim.Matte| 20.0 1,90# 7,41
Pyritié¢ Slag|256.0 |- 0.76) 1.95 7.62 0.06 0.15 3.15
" Prelim & Finj. '
: Slag 255.6 0.28 0,72 | 2.81
-0dds & Bnds |134.4. 1,59 2.14 8.36 0.29 0.39| 8.20
Potal = | 88.24 .| 25.60 4.76

Since the Cu in the matte used when blowing in is notknown

a complete account of the Cu is not possihle.



BALANCE SHEET OF SULPHUR.

TABLE NO. VIII.

26.

Materials Weight Sulphur,

Charged. Kgs. % Wt.Kgs, % of total.|
fatte 216.8 25,94 56.24 36,50

Pyrite 216.8 45,11 97. 80 63,46
Coke 5 52,6 0.14 0.07 0.04

\ .
Total {A 486,2 - 154.11 100,00
TABLE NO. IX.

Materials ‘ 1phur.

ateria Weight Sulphuf
Produced. Kgs, 4 Wt. Kgs. | % of total
Matte 216,4 26.25 56.80 84.49
Pyritic Slag | 256.0 2,75 7.04 10. 50
Odds & Bnds | 134.4 2,51 3.37 5,01

67.21 | 100,00

Total

606.8
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CATCUTATION OF THEORF)TICAL BALANCE SHEET OF MATERIAIS
FOR ONE PYRITIC CHARGE,

There are three methode of celculeting a Thecrstical
Balence Shaet of Matsria.i, They are based on, (1) tetel
materials; (2) definite weight cf matte preduced; (3)
‘materials of e single charge.

B The irregularities in the running of the furnace dur-
ing blewing in and blowing ocut meke it difficult to ob-
te.in relisble date fmr thess two pericds and alsG tc de-
fine the 1imits dethe run proper. The same helds goed
for meking a definite amount of matte produced, the basis
| ef calculatien, Tn'the third methed, these srrors are
avoided, as the calculations are based upon date teksn
while thé furnecs is running normelly., It was therefecre
chesen for meking o thecretical balence sheet of materiel,

_Sinée the.heat requirsd to smélt the éharge depends
largely uron the form in the elements are chemically com-
bined, it is necessary to calculate & raticnal'analysis
of‘the matarials(éharged. This~is-dcné es follows:

Matte. Froem the analysis of the matbeit is known that the

iren is present as FeS, FeO, Fe304and the reomainder is

assumed to exist as metalllic iron. The amount ¢f oxygen
. present is assumed te be the psr cent nct‘auoﬁnted'fer
in the chemical analysis, With these assumpticns, the

amounts cf FeS, FeO, F9304and Fe were calculeted as

fellews:



Iren present is FeS,
This is feund by calculating the sulphur necessery to
unite with the Cu, Ni, &and Pb present to form

Cw, S, Ndssg and Pbs and assuming the remaining & to
oexist es FeS,. .

' Tetel sulphur present = 25,947

S as CugS NigSpand Pbs = 3,34

S to form FeS is 25,94 - 3,34 = 22,607

Fe equivelent to this Sulrhur as FeS

_58_ 2 = 4
z5— ¥ 22,60 = 39.467

FeS present equals 62,08% |
The amount of,FaO‘present ie determined by essuming it
1s in the :ratiec 40 to the silica pressnt, that is, that
it is in fhe forgggf slag pellets.

Silice present equals ,63Y

Fe0O present equals 40 — o
——3-6-~X . 63 .84/-"

This is equivalent to .657 iren and ,197 Oxygen.

The remainder of the iron exists astFeso4and metellic Fe,
Tha amount of oxygen in the F9304 is obtained by sub-

tracting from 1007 the tetal percentage as found by
enalysis (©5.117 ) and the percent exygen in the FeO(.197).
This leaves : ,707 as the amount of oxygen combined with

iron in the form of F3504‘

Fe in Fez0, that is equivalent to 4.70% 0 = 12,347 ,
This gives 17.04Y of Fo,0, .

-The remaining iron is ths metellic iren ard its per
cent is feund by subtracting from the totel Fe, the

emount present es FeS, FeO, and Feso4 .
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Totel Fe equals 55,327
Metallic Fe equals 55.32 - (39.46 .65 12.34)=2.87%

The Alp 03,Ce O eand 51‘02 are assumed tc exist in

thaet form,

\

Pyrite.The pyrits contains 1,257 Cu which is assumed tec

exist &s CugS. The remaining S is considered te be in

the form of FeS and FeS, , the amount of each being calcu-
latad as follows:

Total S equals 45,117,

S as Cy S equals.327.

S as FeS and FeS; = 45.11 - ,32 = 44,797 .
Fo as Fes and FeSp = total Fe = 40,627,

Now 1let X = ¢ Fes, then 32. X =¢ g as FeS.
' 88

" Y = ¢ Fe " __ 64 =
, 2 —55~ ¥ =% S ag Fo Sp,

Alsc the ? FeS + ¢ FeS

=7ZFe + 7 S as FeS
end FeSy -«

2

(1) S @8 FeS and FeSp = 44,79 = 32 x _ 64
© T88 120
(2) X+ Y = 40.62 + 44,79 = 85,41

From equetiens (1) and (2)
FFeS = X = 4,517
7 FeS,= Y = 80,907

The A1205'and Si Oeage assumed te exist in that form,

The remaining ,837

unaccounted for by analys ‘ -
ed to be water of ¢ ¥ lysis is essum

rystallization in the aluminum siili-
cate,
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QuartzThe SiG, , Fe0 and Al 03 are esssumed to exiet in that
form, The remaining 1;40% unacceunted for by the analysis
is designated in the table Ne, XIT e&s X. It is essumed to
be slag-ferming matsrial,

Iimestcne, The Ca0O, Mg0, Fe0O, &nd 8102 ars rscorded

a8 obtained by analysis, The 44,157 unacceounted for is

egsumed to be Coa.

Coke, The proximate snelysis based on dry coKe gave
77.027 fixed carbon and 16,227 ash, The sulphur in the

latter probably exists as SO; (.617). The SO; 1is volatile
at the furnace temperaturs leeving 15.617 of sleg-foerming:

metsrisl, The 6.767 unaccounted for is the volatile mat-
ter in the coke. Ths moisturs accompanying the 7,91 Kgs.
of coke,as obtained by analysis,is ,73 Kgs,

Calculetion of Blast,

Theare sre two methods of'calculation of the blast, one
using the flus gas énalysis»and the amecunt of carbon per
charge, the other by means of Pitot tubs measurements Of .
velocity head and static pressure head.

Methcd Using Gas Analysis,
The velums of flue gas is first calculated by divid-
_ing the total wsight of carbon in ons chargs by tné weight

. 3
of carbon ( as CO and COs ) in 1-m— of geas,

Average Gas Analysis,

Cop, 19.857; CO, 2.807; SO ,.257; 0,.50%; N,76.807.
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3
Cin1m of flue gas = (¥ of CO2 in flve gas ¥ €0

in flve gas) x (Wt, of C in 1 m® of cO or COp under sten-

dard cenditions).

"t, of C in 1 m Sof CO or CO 5 undsr stendard conditions:,sﬁg

C """ e gas = (,2985 026 ) x .54 = .12 Kg,

" " " "

1imestecne = 12 5.864 = 1.54Kegs,
— X _ g

Total carben in gas = C frem ceke + C from limestone.

LJ " " "

- 6,09 + 1.54 = 7.83 Kgs.

0o
Volume of flue gas per charge at 0°C and 760 mm,

- 7.65 - 3 .
- = 63.58 m

Tt waé agsumed that a1 the nitrogen in the flue gases

was that intreduced by the blast,

Volume of N = 9N in flue gas x volume of flue gas,

~ 3
Volume of N = ,768 x 83.58 = 48,83 m -

Volume of air . volume of N

= Zer ¥ in elr ¥ 100.
7 of N in air = 79,2 £ by volume,
Velume of air tec furnish 48.83 m° N equals
48,83 x 100 = 61.85 m:5 dry air at 0%na 760 mm,
79,2 - o

Wt, of 1m® dry air at 0° and 780 mm

" "61.65"" L " ” "e " " "

. = 1.293 Kgs,

=79,71 "

Cenditions at time of run, ’
Atmospheric temp., = 69° F = 209% ¢
Barometric pressure = 20,90 "

= approx. standerd,

61.65 mS dry air at 00 and 780 mm_ = 293.5
. 955 x 61.65
= 66.28 m% dry air at 2095 C and 760 mm.,
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The meistuvre accempanying this air is calculeted as

follcws:

€

Hygremeter readings gave 3.6 grains water to cubic
foot air,

3.6 grains par cubic foot equels 8,27 grams per ﬁ S

Wt,Hg0 1in blz=st per charge = Vol, of blast x Kgs, H,0 per m3
"

"o " " 65.28 x 8,27
3000

= ,55 Kgs, Hg2 O,

' Method using Pitet Tube measuremsnts, A
The volume of the blast was calculeted from the Pitot

tube msasursments as follows:

Vol., of air pe%@h&;ge — (Vel. per Sec.) x (A.,of
cress section of pipe ).xi( of one charge in passing through
-furnace‘in seconds),

The vél@eity is calculated by ths formula V = v’E”gi
 whare‘§ is the velocity heed in terms of air.
Velocity head = .61" -water. -

water 18 772 X a8 heavy as alr at 0° ana 760 mm,

Therafere velecity hesd :‘.61 X 772 = 470,9" air =
39.24' air, 0

Substituting in the formula’wmu4wmwﬂJ

V= V84 X(42,55" = 52,08' per sec.

Area of cress section of blast main = ,195 sq, ft.

Rate of charging equals one cherge in 21 minutes or 1,260 éec.
Stetic pressure head = 6,97" water = 1/4 1b, per sq. inch,
Therefere Val, of air par charge = 52,08 x ,196 x 1260

— 12865 cu.ft, air at 26,5 end 1/4 1b,
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0 3 0
12865 cu, ft, air at 20.5 end 1/4 1b, = 364 m at 20,5 &1/4#

364 m° moom = 344 " air at 0°

and 760 mm,

Egzg.There‘is e greit difference between the volumes of air
.‘obtained by the twe msthods, This is dus either to feulty

gas semples ev to the lack of calibration of the Pitot tubes

er te beth, The volume caléulated from the gas analysis

was used in the calculetions , and not that obteined frem the

Pitot tube measurements, as the gas.énalysis'had to enter

the calculation of the heat balence.

The materials are distributed under the hseads of Mette,
Slaeg and Gas, The copper, nickel, and lead ars all figursd
as entering the matte,the smell amounts in the sleg are
assumad to skist\there as mattepparticles'. The wsight of
matte produced from one cherge was calculated frem the
weight eof copper ih the charge and the per cent of copper
in the mette produced. The weights of ircn and sulphur
entering the matte were calculated from the anelysis of the
- matte formed, A1l solid substances not entering the matte
wers assdmsd to form slag and the remainihg v01atile’and

cembustible matter te enter the gas.

¥Wt, matte produced per charge — wt, Cu per charge 4 100
¥Cu in mette ’

Wt. Cu per charge = 3,55 Kgs,
7 Cu in mettey=8,73¢. \



34

Matte produced per charge = 3. ggu_ x 100 = 40.67 Kgs.,
3
The sulphur is assigned as follows:

The Cug s ,Ni. Sa » Pbs, and FeS (amounting to
3

27,62 Kgs), weras assigned to the matte., These containsd

9.20 Kgs, sulphur, The sulphur in the matte produced is

¢

25,257 (by analysia), Therafcre, the 40,67 Xgs, nf matte
centain 10.68‘Kgs. sulphur. The amount of S still to be
furnished = 10.68 - 9.?0 = lf48 Kgs, | |
This is equivalent to 3.67 Kgs. FeS which must be fur-

nished by the FeS, .
The remaining sulphur 1s assignnd to the g=8.

The iron 1s assigned as follaws:
The total iron entering the mate as indicated sbove
Bquals 16,30 Kgs,

The matte producad contains both metallic iron and
magnstic oxide of iron., Tha amrunt of the latter was not
determinad but i3 estimated to correspond to 37 of oxygen,
Total wt. of sulphides = 31,29 Kgs.

The weight Fe and Fez 04=40,67- 31.29 = 9,38 Xgs.

Wt, 0 in matte = .03 x 40.67 = 1.22 Kgs,
This 15 equivalent to 4.42 Kgs, Fez 04 |

Wt, matallic Fe = 9.38 ~ 4,42 = 4,96 Kgs,.
The Fez 04 13 assumed te be supplied by the F93°4 in the

. mette charged, The remainder of the latter F6304 is assumed

to be reducad to FeO and O and to enter the slag and ges
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‘respectively. The metallic iron (4.96Kgs.) is assumed to c
‘come from the PeS,. Of the FeS,, 8.63 Kegs. (4.96 Kgs.
as Fe and 3.67 Kgs. asFeS ) enter the matte,, The Fe
(5.30 Kgs) is assigned to fhe slag and remaining S (12,74
Kgs.) to the gas.

The assignment of the remaining materials requires
no‘con&ment except that of the I.76 Kgs. of O from the
blast which is assiéned to the slag. It:is the 0 required
to oxidize the metallic iron from the matte chargéd and

the iron which enters theslag from the FeSy.



THEORETICAL BALANCE SHEET OF MATERIALS.

TABLE No.XII.

DEBIT CREDIT
% Wt. kgo ~ Matte Slag Gas

Matte (32.97 kg.)

CugS 11.95  3.94 3.94

NizSp " 3.21 1,05 1.05

PbS 0.49 0.16 0.16

FeS 62.06 20.46 20.46

FeO 0.84 = 0.28 0.28

Fe0, 17,04 5.62 4,42 1.11  0.09

Fe 2.87 0,95  0.95

41,0, 0.45 0.15 0.15

S105 0,63 0.21 0.21

Ca0 0.46 0.15 0.15

Pyrite (32.97 kg.)

CupS 1.57 0.52 0.52

FeS 4,51  1.49 1.49

FeSs 80,90 26.67 8.65 5.30 12,74

Al505 2.07 0.68 0.68

' 510, 10.12 3,34 3434

Hy0 0.83 0.27 0.27
Total Weight. 65.94  40.67 12,17 13.10
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TABLE No. XII. (continued)
DERIT = | CREDIT

% Wt.ke. Matte Slag Gas

Quartz (21.29kg.)

- 810s 96,61 20.57 20.57
Fel 1,50 0.32 0.32
A1,0, 0,49 0.10 0,10

> S 1.40 0,30 0. 30
Limestone (12.77)

Ca0 54,16 6.92° 6.92
Mg0 1.13  0.,14 0.14
Fe0 0.35  0.04 0.04
S0, .  0.21 0.03 0.03
COz 44,15 5.64 5.64

Coke (dry) (7.91)

Fixed C 7M.02 6,09 | 6409
Ash 15,61  1.24 © 1.24

503 | 0.61;, 0.05 o ' 0.05
Volatile Matter 6,76 0.53 - 0.53
Moisture (0.07) 0.07 0.07

Blast (dry) (79.71)
N 76,90 61,30 61,30

0 < 23,10 18,41 1.7 16.65
Hy0 (0.55 kg.) N 0.55 0,55
Total 7 122,30 00,00 31.42 90.88
Wts. from page 36.  _65.94 40.67 12,17 13.10

TOTAL WEIGHTS 188.24 40.67 43.59 103,98
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THERMAL BALANCE.

The figures used for heats of formation, specific heats,
etc, are’ those given by J.W.Richards in his "Metallurgical
Calculations", Those‘marked "approx". do not apply directly
to the materials in this case. But since determinations of
specific heats, heats of fusion, etc. on thedifferent mate

erials were not practicable, figures were selected which
seemed to apply most nearly to each case. |
Heat Generated.

(1) oxidation C to CO, (BI00 Cal. per Kgs. of C)

C burned to €O, = (Vol. of gas X % COp X Wt. C in 1
' | o Coy) = ( Wt. C in CO, from lmste)
63.58 X ,1985 X .54 = 6,83 Kgs,
6.83 - 1.54 =5.29 Kgs.
5.29 x 8100 = 44,793 Cal.
(2) oxidation C to CO. (2430 Cal. per Kg. C.)
C burned to CO = Total C in coke = C burned to COs.
6,09 =5.29 = .80 Kg.
+B0 X 2430 = 1944 Cal.

(3) oxidation S to SO, (2164 Cal. per Kg. S )

‘% Soz'in gas x m3 of gas :-..m3 of S0o (Gas analysis)

3
Wt. of 1 m H x Density of SOp x S = Wt. S in 1 m°

| 02 -
of 502. ?

.0025 X 63,58 =,159 mg_of 50,

.159 (.0896 x 32 x 32 ) = +227 Kgs. S burned.
This does not agree w?%h the of S assigned to gas in

the theoretical balance sheet, The difference is assumed
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to have beun distilled off as free sulphur.

(4) Oxidation of Pe to FeO. (1173 Cal. per Eg. Fe.)
Wt. Te oxidized = .95 5.30 = 6.25 Kgs. (See
Table No. XII)

] 6.25 x 1173 = 7331 Cal.

-(5) Heat of Formation of Matte.

All copper and iron exist as sulphides in the ore,
The: heat of union of FeS andCusS is unknown, _
(6) Heat of Formation of Slag. (150 Cal. per Kg. approx.)

Wwt. slag made =v43 59 Kgs.
43,59 x 150 = 6538 Cal.,
(7) Sen31b19 Heat in Blast at room temp. (20 5) (sp.
Heat .25 approx. )
- Vol, x Sp. Ht. x Temp, = 66428 x .3036 x 20,5.
413 Cal.

"

‘ °
(8) SensibleHeat in Charge at room temp. (20.5)
(Sp. Heat = .25 approx.) |

‘Wt. xSp. Ht. x Temp. = 107.91 X .25 X 20.5 =
553 Cal, |

HEAT'ABSORBEDg
(a) Reduction of Fez04 to Feo. (1023 Cal. per Kg. FeO. )
Wt. Feo from Fez04' - 1.11Kgs,
1.11 x1023 =1135 Cal.
(b) Reduction FeS; to Fe (428 Cal, per Kg. Fe Approx,‘)"
The heat of reduction of FeSp t, Fe is not kﬁﬁﬁﬁ,,r

Since it probably is not much larger than FeS to Fe,
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the latter figure is used.
Wt. Fe from FeS, = 10,26 Kgs. (See distribution -of matte
constituents , page 34.)
10.26 x 428 = 4391 Cal, 4
(¢) Decomposition of Limestone. (1026 Cal. per Kg. 002)
# Figure for CaC@z to CO5 used since the amount of
MgCOz is small,
Wte COg from CaC0Oz = 5.64 Kgs.
5.64 x 1026 = 5787 Cal.
(d) Heat in Slag ( Temp._ 1130°HC.)
Heat in melted slag at 1100 - 300.Cal. per Kg. (approx.)
43.59 x 300 = 13077 Cal,
To heat from 1100 to. 113000. (sp. Ht. = .27 approx.)
43,59 x .27 x 30 = 353 Cal.
Total Heat = 130$ﬁ + 855 = ISAEQ Cal.
(e) Heat in Matte, (Temp, = 1130 C )
Heat in melted matte at 1000 200 Cal (approx.)
40,67 x 200 = 8134 Cal, _
To heat from 1000° to 1150° (Sp. Hts = .285 approx.)
40,67 x .285 X 130 1507 Cal. |
Total Heat = 8134 + 1507 = 9641 Cal.,
(£) Heat in Gases. | 212 F = 1oo°c.)
(1) CO + N 4+ 0 = 79,907 .
( These gases have same specific heat,)
.7990 x 63.58 = 50,80 m> |
' sp. Ht. per n° = (+303 4+ .000027t )
Heat 50 80 x 100 (. 303 + .000027 x 100 ) =
1563 CAL.
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(2) Vol. of CO2 = .1985 x 63.58 = 12.62 m°.

Sp. Ht. per n° = (.37 + .00022t).
Heat = 12.62 x 100 ( .37 4+ .00022 x 100 ) =
495 Cal,
(3) Vol. of SO5 = .0025 x 63,58 = .16 m°.
Sp. Ht. per n° =(.36 + .0003t ),
Heat = .16 x 100 ( .36 + .0003 x 100 ) = 6 Cal.
(4) Wt. evaporated = .73 +.27 + .55 = 1,55 Kgs,
Heat of Vaporization at 0° = 606.5 Cal., per Kg.
1.55 x 606.5 = 940 Cal, |
Sp. Ht. of Gas per Kg. = (.42 + .000188% ).
Heat = 1.55 x 100 (..42 4+ .000188 x 100) =
68 Cal,
Total Heat in gases = 1553 + 495 4+ 6 + 940
| + 68 = 3162 Cal,
(&) Heat in cooling water, N |
Temps of Feed Water = 12?1 C.“
Temp, of Overflow = 92?1 C;
Rafe‘of Flow = 14 Kgs. per minute, .
wo." " =147 Kgs. per charge.
147 x( 92,1 - 12.1 ) = 11,613 Cal.



XIII.

THERMAL BALANCE FOR ONE CHARGE,

Debit, Kg. Calories.

Credit, Kg. Calories.

Burning C to COp . 44, 793
Burning C to CO' - - 1,944

{Burning S to 50, 491
Burning Fe to FeO - 7,331
Formation of Slag - 6,538
Sensible Heat in Blast 413

Sensible Heat in Charge553
Formation of Matte(?) E;

62,063

e

Reduction Fez0, to FeO - 1,135

. Reduction FeSy, to Fe - - 4,391

Decomposition of CaCOSI-‘5;787

Heat in Slag = = - = - -13,430
Eeat in Matte « = - - - 9,641
Heat in Gases = ~ - - - 3,162

Heat in Cooling Water 11,613

, 49,159
Radiation(by Difference)12,904

62,063




43

SUMMARY .

- The sulphur slimination obtained in this run was 56.38
per cent of the sulphur present, instead of 79,647 a8 expect-
sd, If the analysis of the flus gas is correct about 987
of ths sulphur eliminatad was driven off‘in the form of
sulphur vapor and not Ss sulphur dioxids. The sample of gas
must have besn faulty, as the concentration obtained, --

1.6 into 1 —- gives a greater pyritic effect although 1£
falls balo& the calculated concantration of 4.4 into 1.

The thermal balance showa thatthe lergar part of the
‘heat in the furnace was furnished by the coke and not by
the oxidation of the iron and sulphur as should have beén
the case. ;

. The slag formed contained 32.37 ¥ FeO instead of the
. calculated 51.27, the silica contents was 41.98% instead
‘of tﬁe calcuiated‘ 36.05%.-The percentagq of lime ran much
higher than was intended. These facts show that sufficisnt
gilica waawpreaent but thatthe iron was not oxidized and
therefore could not enter the slag but went into the matts,
Assuming the air supply to bs sufficient, the cokg must have
- prevented the desired pykitic effect,

A decrgase in the ampunt of coke used would‘there-

fore correct the smelting conditions.
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