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“Copper Matting B

J. V. STEVENS, F. B. POWELL AND ]J. D. SHANKS.

M. S, M, 1906,
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STALL ROASTING AVD COPVER MATTIXKG IN¥ BLAST FURNACE,
The thory of the copper blast furnace run having voern given us in

the c¢lagg woom, we wishing to familiarize ovrselves with the practicul

procassss ana the difficultied involved, gelected 1t as the basis of an

invastigsation of which the following 1s & cor-ect report.

)
Toe criginel ore vas a high grads copper s lphids from the Dick
to vhiechn we o wdded some hewvy pyritic ora Ivon varions
gquarters, The Jatter was addad to furnish ths 1ron oxlde necessary ws

hlest Turnace and s lphur in cufficiert amcunt to maks the

or= gell rogs'ing whah charged into a previorsly hsozed stall rosst.

Trna rowst wes condauctiad in the Tollo ing manner, An 01d pot
was fovnag to hold the entire charge. Around 1his ashes wera packed to

a Gspth oF Tive dnches «r theee sides, the wakl of & »uilding occcupy-

&
and then heataed to pg nigh a t@mwo" ture se possibhle withn soft coal.
fire wes then dravn and the ore dumned in, the orna heving'hr%viouzly
©ben pallei to one inch size osnd rammled by lump sam»le maethod,
Moderately heavy fumes wers noticed coming off immediately after
charging and they continued tc come off Tor forty hours the

they stopped anda the charge wrs drawn,

The ore wss found to be sufficiently roasted and was ﬁl ou,.j;ﬂﬁib
and weighed and made racdy for the hlast furnzce run. To m4K9 ;rﬁ: 5
ed ore raady Tor the blgs~ lurnace, the Tines h:d to bae aigtaa.ouf-AHu
o.‘

thie fourth side. This wis dried out for twe deys previovs to chargi

™

Y
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2.
mixed with a small amount of mola-ses and water and briyuetted fand

these dried for a vieek in the boiler rnom,

&

The rousted ore was sampled by mixing and quartering until the sam-
ple wieghed ten pounds when it was crushed and sampled down t0o one half
pourd with a "Jones' Sampler", Sammles were all bucked down to pass a 12
120 mash sieve and analyzed.

Comments on the roasting:

Ordinary stall roasting is cerried on in a slag hvick rosster with

-]

three sides enclosed and the fo rth side open snd has the ore and fuel
charged together,, In this wgy it reaq res ten days to roaszt a twventy
ton charge from 2(( sulphur% down to 10 ﬁ “ulphur.

TH#® BTAST RU-NMACH:

This was one of the small,ro nd,water jacksted type. A Talse hoftom
of cocka and cement es put in this, thus closirg the mattie well, metal
tap and drain tap, our oObject being to tap mi.tte snd slag togeiher and
mszke separation of the two in an external fore-hesrth. HRExperiencs had

praviciely shown that the furnace froze vhen the iriternal crucible

vas used. (Figure x is & blue -print showing size and proportions of
the hlast furnace vsed.) el .
%0, °
The fore-hesrth worked well uniil tha ma'te vorked itsay'.ﬁﬁhrdhgh

the hottom of the po?}which wzs dus te a high tempnrcfuveugnd no cTHY

vash  in the bottom to protect it, Ve substituted the rpéu1¢wfslaarpﬂt

for the fore-hearth after 1t broke and obtained & ver: gﬁﬁﬁ $3bu.3.1ﬁn
-.‘.:.::. °

of ma te and slag. e, K
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3.

Fore hearth Construytion:

This wes made 5§ sheet metal ofie fourth of an inch thick and lined
with a layer of brick, a grate having heesm praviously heen constructed
to give the coke sufficient oxygen. (Fore-hearth shown in figure 1. ).

The materisz? in the fore hearth wes cooled, broken and re-smelted
after the Tore-hearth broke.

The s=nalysis of the oricinal ore was s follows;

Copper o7 Sulphurghlron, Gold,*3ilver.-
lag Calc-lation.
30 SiOZ ‘ 45 #e0 15 Cal
Analyesis of vroastad ore and fluxes: |

2i0, Pe0 Cal Als0z 8 Cu

Roasted ove  17.33 10,17 . 2.5 35.98 10.82 21.28
8i1.70ck 81.0 D65 BT el L
Timsstone 1.4 ﬂ 55,2 ﬁii;___'g . L
Iron Ore 85.0 f“i_iﬁz,'ﬁj """"

Slag 24,2 54,5 Lo T s s 15.8
Coke ash 50.0 38.0 1.5 Wl i
% o

; To adjust the oxldes: K;ﬁk K

)

Conszidar 107 of the alumina as acting as.an acid. Ye then have 3.6

(in terms of Al,03z) Si0p and the remaining 32.387 as Te0,

72
102 x 32.38 esquals 22.86 %0
50, 4 1

102 x 3.6 eruals 2 x 3.6 equals 1.8 Si0,



Adjusted Oxides.

2105 70 Ca0 S Cu Ppo
Rcasted Ore 19.13 335,03 2.5 10.82 21.28
Sil. Rock 81.0 6.5 2.7 | _
TLimestone 1.4 o 55,2 L .
Iron Ore 85.0 R o
Slag 24.2 38.1 21.5 o L 13.8
Coke Ash. 50,0 38.0 1.5

Ore weighs 100 pounds.
21.28 Cu will take S rs CuonS
Cug 3 S ¢ & 126.8 : 32 equals 21.28 ! x
x eguals 5,38 # S to j-in with 21.28 # Cu in ore
P?igure to burn off 307 3
.30 x 10.82 equals 3.246 (Subphur burned off )
5.38 plus 3.25 equales 8.63

10.82 minus 8.67 equals 2,19 (2:lphur remaining in ore to join
with Pe to Torm ¥8S)

Te ¢ ¢ ¢t ¢ EB ¢ 32 equals x ¢ 2.19
x equals 3.83 # Pe required to form Fed
3.83 x 9 gquals 4,92 Fe0 eq uivalent to 3,83 Fe.

———

33,03 minus 4,92 equals 28.11 (Fe0 left in roasted ore).



wbhm

21.28 # Copner
7.57 # Sulphur
Gre=de of Coprer Matte 3,83 # Iron
32.68 (totrl in matte)

DY, 21.28 ,
32,68 ervals 65,1 7 Cu. in matte

To Plux the Ors.
The aveilable FeO in the ore will go to slag the 510, of tihe
(Have £8.11 P80 availabls.)
5102 P FPe0 i 30 ¢ 45 ecuals 10.17 @ x
x equals 28.69, Fe0 neaded to flux SiO..
28,11 7eD prasent, hence
28,11 minus 28.8% e-uals .52 Te0 remaining.
This “rs considered grod and no iron ore needed.
SiOQ: Ca0 :: 30 ¢ 15 eqguals 19.13 : x.
x eyuals 9.56 Cal to f1-x silica
2.5 7 a0 present, hence
add 9.56 minus 2.5 equads 7.06 ;- (0,
Timestone 3 Ca0 i 100 ¢ 5,5 equals x ¢ 7.06
% equals 13;" limestone
To Flux the Ash of the Coke,
Uea 197 coke. Coks is 127 ash.
12 of 19 equals 2.28# ash

507 of 2.28 equals 1.14# Si0p of ash
387 of 2.28 equals .86y #eh of ash



To

&)

gt Feb to flux SiOz of

uﬁ—
1.59 of 2.28 equals .034# Cad of ash

sh:

™

30 ¢ 4B 1 1,14 ' x

x 8quals 1.7 Teld r-quirad to flux SiOP of ash

Have pracent .87# Fad
1.7 mi-us .87 equals .83 FeD to me added in
of iron ore.

100 ¢ 85 i x ¢ .83

x equals 1.09% iron ore neadad to flvx 19

x eaqnals 5.4# Ce0 raguired to flux 310, of
Have prasent ,034 Cal in ash

B4 minre 034 eguals .506 Cald raquired as

Timagtone 3 Cal0 :: 100 : 5.5 eavals x ¢ ,HO6

”

x e-uals .92 lime-tone for 19 # coks.

To Meke Up Ore Chargzas:

19" coka containing 2.28% ash.

Ploxas for ssh equal 1.09% iron ore
.97 1imestone
3,10 total

Make charge thus:

form

coke

ash.

limaston

-~ . / / .
Regular charge is 172 ore plwus 172 slag plus coke ask with fluxes

for 19



-7 -
100# minus 3.10# equals 97.# (approx.)

97
"2 equals 48,57 weight of slag
48,5 weight of ore and fluxes

48.5# minus 13# limestone equals 35.5# ore to he
added.

Hence regular charge is

35.5¢ ore
(13# plus .927) 13,92 # limestone
: 1.00 # iror ore
48.50 # slag (old)
19,00 # coke

Blowing in charge:

NO. 1 and 2;Boke 60 # (7.2 # ash)
sleg 17 # :
No. 3 Coke 40 #
810 5 # (Rock)
Slaf 106 #
Yo. 4 Coke 40 #

9i0o 10 # (Rock)
Slag 2124

Yo. 5 Ore 17.7 #
T.imastone 7.00

Iron ore 1.00 #

Slag 48,5

Coke 19, #
No. 6 Regular charge
No. 7 Regular charge.
The five following sheets are original data collected during the

actural run.of the blast furnace,
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No.1l Weigher. |

Velgh charge. Record the time when the charge 1s weighed completely
and tend to No. 2,

Charge Time Ore wt, Iron Ore Slax TLimestone Coke _Sil.fock _ MName

1 1.45pm ===~ - 17 —_———— 60 - ‘Helper

2 1150 ---e- --- 17 e 60 = oo

3 1:55  =--~- -——- 106 meme—= 40 5 "

4 R ———— P2 R 40 10 n

5 2:10 17.7 1 48.5 7.0 19 ee--- 7.P.

6 5105 35.5 1 48.5 . 14.0 19 eme- "

7 2:37  35.5 1 48.5 14.0 19 —eeem n

8 247 35,5 1 48.5 14.0 19 I "

9 2157 35,5 1 48.5 14.0 19 emee- "
10 3:09 35.5 1 48.5 14.0 19 e "
11 3:17 35.5 1 48,5 14.0 19 e "
12 3107 35.5 1 48.5 14.0 19 emme- "
13 3:37 17.7 1 48.5 7.0 19 e n

(Feed charge 3 in small amounts.)

Iast charge in at 4:00 P.M, Xnocked out the at 4:30 P.M,



No. 2 Feeder.

Help Mo 1 with his weighing. Feed the furnace putting in coke
evenly distributed them a layer of ore charge which has itself beén
distributed in layers on the feed floor and mixed. Record time wﬂen
charge is all in, Record distance top of charge is below the bottom of
t'.e Tesed floor door, whether top is hor or cold. Record your oObserv:i®

tions in following t=ble. Post on No. 3.

Time Distance feed floor
No, Chirge  Ore Coke to top of charpge, Top hot or cold  Signature

1 1:45 Colad Powell

2 1:5 0 Cold | _ "

3 1:55 Cold "

4 "

5 2:10 2:10 41 g Colad "

6 2:25 2:25 FEirly cold "

7 2:37 2:37 Medium "

8 2:47 2:47 " ‘ "

9 2:57 2:57 " ' Helper
10 3:09 3:00 " hot "
11 3:17 3:17 " hot "
12 3:27 3:27 "

13 53:37 3:37 » "
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No. 3 Topper.
Hold the bar or strike alternately with No. 4. Make the plug mix-

ture and prepare the plugging bar, plug the furnace. Clean up after eab
each tap. Record time of tap and plug. In " notes on slag" put down in
the ta"le when sla: first hegins to come and when metal is first noticed.
Also state whether the furnace is= running hot or cold and whether the
gslag 1is ropy or short. Hee that the furnace 1s tapred on time. Record

ragults in table

Time of tap Time of plug. Intarval 3lag notes and remarks Mames
2:18 2:19 1=t Tap Helper
2:256 2:26 2nd tap "
2:30 2:30-50" Very liquid "
2:36 2:13/-45" " "
2:41 2:42 " "
2:55 2:56 " J.Vys.
5:00 3:01 | n ~J.vos.
3:03 3:04 " "
3:15 3:18 " "
3:22 3:23 Zf coke left out chg. "
3:27 3:28 Slapz liquid "
3:35 3:36 " "
3:43 3144 " "
3:45 3:456 Matt4 came out first "
5:56 5:56 "
4304 4:05 n
4:12 4:13 "
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No.4 Assisztant Tapper. A

Help number 3 in tapping and plugging the furnace. Try to keep the
tempersture of the out going water at 180 degrees F or 83 degress C.
Record time, temnrerature of water, *ressure of blast, appsearance of
tuyeres- brigrt, dull or blsck. PFost on duties of number 5. Record

observetions.

Time Pregsure of biast TemP water (C) Remarks | __Ssiganture
2:18 2.0 Good Shanks
2:30 2.0 ood . "
2:34 2.0 Good "
2:41 2.0 Good "
2:565 5.0 Too hot "
3:00 5.0 too hot "
3:15 5.0 ' too hot "
5:22 5.0 Good "
3:27 5.0 Good "
5.35 4.5 Good J.,s.
3:43 4,5 Good Shanks
3.50 2.0 Good n
3:55 2.0 Good "
4:00 2.0 tood "

4:12 2.0 Good n



No, 5 Slagman, etc.

Look after the slag pots, note the appearance of the shag, ropy or
short, acid or hasic. Take a sample of each tap, keepingz the samples
separate. Tha sample should he taken on an 1ron rod and then dirpsd
into water &t once, go that it wi’l be soluble in acids. The first
slags ave di:rferent from those e figared on, =0 keep them separate.

Post on Mo, 1.

Time No. Taps Slag notas and ramarks Signature
2:18 1 Slag thick ~elper
2:25 1 Slag thick "

2 :30 1 Good "
2136 1 Good "
2:41 1 Gocd "
2:55 1 Good "
3:00 1 Good "
3:05 1 Very liquid n :
33115 1 Very liquid ' "
3:22 1 Very liquid "
3:27 1 Good "
3:35 1 Good "
5:43 1 Good "
3:45 1 Good "
3:656 1 Good "
4:04 1 Good "
4:12 1 Good n
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Comments on the Blast Furnace run.

The ore, Tlux and fuel aeﬁéfgéa”ged as calculated with the excep-
tion t'at the c ke vas cut do'n 2% toward the middle of the run, but
with no effect on the licuvidity of the slag. The slag wes tlhorovghly
liquid all through the run wit® the exception of the first two taps
when it wee rather co0ld snd stiff.

Powdered coke and charcoal wers put on top the slag-pot alter e:ch

tap, trus keeping the heat in anc gllowirg a . o0od seperation of mat:e
and slag.

The height of the ore churge above the tuyeraes wrs four and two
thirds fest all through the ragvlar run.

The pr= -sure of blast usad wus filve inched of water during tima ore
was balng charged. In "plowing in" and "blowing out", two inches pre-
ssure was used.

Trhe teng:z2raturs of the water in the jacket was'kept at about 80
degrees Centigrade, with fluctuations on either sides ol a few degreéd.

In Ploving in and hlowing out, an easy smelting material was usad
with a large amount of coke and no ore was charsed. This was necsessary.
as there would be a large mechanical 1oss if &ron ors were charged at
first and the furnace would he 1ikely to freeze.

Samples of the slag were taken at each tapping and an analysis

gave thse following results.
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Slag as calculeted was
3105 30 4
a0 45 &
Cad 15 &
(9/10 A1,04 Tigured as ¥e0.)
The slag ran too high in copper, but this was probably dve to t @
rod being dipped too deep into the mixture and ertering the matte.

The weipght of the copper matte obtained was 50 #.



_NO. 1 Weiiigher.

g

Welgh charge. Racord_gsé p

and tend to No.

Charge Tlme

OPP WT,

2.

Eme when charge is weighed completly

"= o ex e

W ——
5 g& 4 w7

6 24 85.5

v 2 ;;g;? 36.5

8 X LAF 355

9 g &7 950

10 3.5 36.5
11 3;/7 35,5

12 J./Qy - 85.57
lsAjfjJ;V 17.77

14

15

( Feed

16 .
T A
Yo ’,T }/

--~i_

L

T = T S SRR [N

~

charge

3k

o9
St
106

21&

48,5

48.5
48,57
48.5
48,54
48,5

(3) in small amounts ).

7.0
14.0
14.0
14.0°
14,0
14.0

14.0
14.0 -

60
60
40
40
19
19

19

19 ¢

19

19

19 7

19

Tron Qr& Blag Lime tone Coke Sil.Rock Name. *
‘ n.ig;i"*F — — -

10

- .
u o o
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No 2=~ Fceder

LI

Help No 1 with hls welghlng,

N »'{—.1

evenly dxstrlbuted thgn a layer;nf&?re charge, which has, 1tse1f ‘been
S -
distributed in lavers on t]&% fee&f\ﬁ‘or dnd mlxed
&-s w%
Record alstanca=top of charge is béﬁdw the bottom of the feed

Record time when charge

is all: 1n.

floor door " whether top i

¥

o"

‘fft,br eﬁld, rccord your observathns in the

following %table. Post onw 'df 3
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No 3 T%ma%-

Hold the bar or sirike altermately with No 4. Make the plugi;mixture,
and prepare the plugnlny har, plug the furnzce. Clean up after eéch tap.
Record time of tap and plug. Tn " notes on slag", put down in thg table
when slag first bhegins to come and when netal ig first not1ced, Also
state whether the furnéce is'%unning_hotAor cold and whether the siag is
ropy or sh5rt. See thatﬂthe futnaoe is tapped on time. Record resu1ts
in table. Bos't on No 4. | ’

e . !
e
o

!' e ,. e T [ qT - 5 - T."' :.-_A.-uv oy - F - ~E
fg;ggwgg Tap 1™ Tlme of Plug@ Interval %la@TNoEESV&JRemarks ~ Names
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No. 4, Asst Tapper-

Help No 3 in tapping %pd plugging the furnace. Try to keep the tem-
perature of the ourgoing wéfer'étf180 degrees F, or 83 degreés C. Record
time, temperature of water¥ prjrsure of blast, appedrance of tuyeres-
bright ,  dull or black. Posﬁaon duties of No-5: Record obserigtlous.

LE"v f : )

i f_‘:.': .

Time Pressure ; Temp,H 0. C. Appedrance of | Remarks Siggiture
of blast Qf R .Tuyeles ! - } a3
e . p— j‘ . e . SRV | l ! ’.
‘ / . N A : b
26 A S S a A
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No. 5; Slagman, etc.

Look after slag pots, note the appearance of the slag, ropy or short,
acid or basic. Take a sample of each.@ap, keeping the samples separate.

. : t
The sample should be taken on an iron rod and then dipped into water at
. )

once, so that it will be soldﬁle in acids. The first slags are different

from those we figured on, so keep them separate. Post on No. 1.

N T !
Time No. Taps __Slag notes & remarks i Signature
b Slep el | Ml
7 /
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