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General Discussion
The contact plant of the Werrimac
Chemiecal Company, South Wilmington, lMass. manufac-
ture its SOQ by roasting pyrites inkﬁerreshoff Burn-
ers. The pyrites is obtained from Fustis Copper Co,
Canada, Thisﬁgimﬁ of burner is the largest size built
by Fichols Herreshoff Company, having twelve Shelves
Tor each burger?; These two burners were recently ins-
talled by the plant,‘a rotary sulfur burner having
been @reviaﬁsly employed. |
) Iast year,a thesis was rurn on one of

the burners, heat and material balances were made,

and some hearth study was earried out. chever; thé_
operating conditions are quite different et presenty,
end they have been improved a great deal during thig
: N v
vear. :
Purpose qf investigetion :-

| The chief difficulty in operztion ism
the temperature control st different Shelves. The.big
variation in temperature is due to locel combustion,
that is, most of pyrites is burnt off on & few shel-
ves only. This loeal combﬁstion causes the Tfollowing

difficulties. :-




rz
O

U'

(1) Slagging of the ore and cinder on ra bl arms. and
causing them to bresk off.
(29 Increase ofrep ng and depreciation cost of the
sguipment due to high temperature.
(3) Less complete combustion,
- There are two extra cooling arms on each of
" the top six shelves, Yult due to air 1eakagé‘( it is-
said that 30% of +the cooling air is leaked into +the
burner ) the shelves can not be very well cooled. At
present the only temperature control method ig +o
open some of the doors of the shelf especially of
tn one which hsas temperature around 850°C. Rutbt
this air admitted supports the combustion, thus its
ooling effect is counter balanced,
The dbject of this thesis, therefore,>is

£ o e

to find some means of tempersture control for the
burner, It is also the 2im of this irvestigation to
obtain the present operaulzg'cor iors with special

4 o ) -

reference to hearth study at different shkelves.
Scope of thesis :=

Since it has been found that C set burner

a

(18,

o
™
l-.J

ess air leskege, ohe whole thesis is run on this

ot

get only.

&

The followingz are the methods of attack :-
8. Feed and cinder analysis for sulfur in different
formeg and iron.

b. Distribution of combustion at different shelves,

by snzlysis both inlet and oublet pyrites samples at;




4
each shelf, for sulfur in different forms and iron

content.

¢. Gas analysis at different shelves.

d. Temperature study at different hearths.

e. Time regulrement for pyrites travel from gheldf
to §helf} |

-

£, Amount of air for combustion,

o
o’
fort
[
B
0]
=
-

g. Legolkags of cooling air to the




Ty

nane




5
Opera ién of HerreshoIf Buvrer.

Pyrites is conveyed inmbo two bins by mesns of bucked

conveyor which 18 beins aously by & rota-

x

srm attached o the centbral shaft. The ore is
rabbled from thé centre to the side graduvally on the
top of the burner, during which time considerable
drying takes place, finally drops thru luted feed
hole on the first shelf. In the first shelf the feed
ig rabbled from side to centre and falls on the next
one, and thig process continueg till the ore#ea shes
the twelfth shelf. ‘

The rabble arms utehr whieh ploughs are ati-
sehed are hollow cast iron seasm naving cooling alr
circulating thru then. Begides these there are Hwo

exbra cooling arms on each of the first sixz shelves.

The cenbtral shafi is & doubls jacketed smmm; cooling

ves have &2 bigzer
angle of 1f011nhg*oq so that the feed 1s pushed fast-
ér from shelf to shelf.

The air for'ccmbv tion is introduc ced &b
fhe last shelf and the cooling air is forced thru
the central shalt by neans of a fan and led oulb thru
& pipe. The air for combustion gains heat in the
lower sﬁélvee freveasu

. L - - P
coges heat on URDEr shelves.

Combust]

"L

i) une Iacu tbau_mocﬁ of yae “e&ﬂulg

sl




are exothermic.

The burner gas is teken by suetion from

the top of the last shelf and goes thru a process

l_l-

shelf and it goes to a bin by gravity. From th

“

bin it is carried to the top floor by the same necha-

S

nism as is used for the feed, Tlows by gravity thru

pipes and 1is dumped into cars outside.

P e} < ]



Inereasing the pate of Tloy 6f air will not & ccelev te-,

the rate of roasting, while in the case of GOal'Bb'eﬁlfﬁr

first before it comblnes with O,, while pyrites breaks cown

and then is oxidized. CensequeLtly the meximam exposed ares

. g s s

A, Pyrites brealks down into Fed and 5, and then is oxidized.

(1)
Tes - TeS + S - 18,611 7

@
[WA]
4
(W]
O
I
)
&)
O
-+
w2 [®]
(@]
b

je o =olid solufion of 3 in ferrous sulfide.
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Previous Work

Some leboratory work on roasbting of pyrites

(1)
heve been done by ¢. F. Tuttig and P. Iurmann in Ger-
(2) (21

meny and M.oG. Marchal ~ in France. L. T. Wright

have carried on the experiment of varying the oxy gen .
content of the gaées from roasting pyrites. I. ?arrishgnl
gives some valuable data in the combustion of sulfur-
content ﬁaterials in hamd and mechanical burners.

On this particular set of Herreshoff Furnace.
=
a thesisQ%Es ran last year by J. L. Jemison, B. T. Miller
and E. 1. Welcyng. They had heat and material balances
on. the furnace with a littile hearth study. The assump-
tibn in getting theoretical Fe for a éiven percentage of
8 seems to be incorrect. ﬁofeover, a method of express-
ing the sulfur content on each ghelf to the same basis is
1ackihg, thus the»curve of pounds of sulfur per 10¢ pounds

of theoretical iron ageainst nuwmber of shelf cannot show

the raﬁe of combustion of pyrites.

Ref. 10
8

Ref. 5

(1)
(2)
(%) Ref, 18
(4)
(5) Ref. 17




Summarized Method of Frocedure.

The work of this thesis mainly consisgts
of hesarth and mechanism of combustion of pyrites.
This can be divided into (1) extent of combustion

on different shelves, (2) Temperaturé on different

shelves, (3) amount of air for combustion, (4) emo-

wnt of sir for cooling and its leakage. :
1. Extert of combustion was found by

analysing solid samples coming from shelf to shelf
for irorn axnd sulfur in different forms.
« 2. Tempgrature was found by obserying
the fecording pyrometers and millivolt*meter.
3. Amount of air for combustion was de-
tefmined by pitot tube measurement.

4. imount of air for cooling was deter-
mired by pitot tube and leakage found by determinghg
the amount of exit sair.

Tﬁo runs of 5 hrs and 8 hrs resgpectively

were conducted to determine the abhove resulis.
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mabulated Results

o Decrease of Avail. 3

1 5,75 6.10

2 £.15 12.60

5 23.50 21.50

4" 18.20 15.20 |
5 11.40 2.50

6 2.3 5.70

7 T 5.20 5,60

8 1.10 6.50

5 13.35 7.80
10,11,12 2,63 6.10 :
sof. of Comb. 92,56  Bff. of Comh97.40

Tree Sulfur ( Run #1 )

Teed = 0.232%
# 2 = 0.268%,
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Sulfur in different forms (Runi#d)

#oftotal  #sulfur
sulfur ag sulfide

s
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Ta
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sulfur
45,16
43,12

28,61
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»
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Cr
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1

ALverage Gas Analysis

Ren TJo. 2

o (¥s}
a

jess 1
- (62}

@D
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Totel Air For Combustion
T 2]

Run ¥o.,2

3
74,0C0 Ft /Hour

Cooling Alr lealkage to Shelves

Shelves having eair leakage

2, 4, 6
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1

Average Temperature on shelf.

Temperature in °C.

Shelf No Rum #1 Runs#2 Run #3
2 b35h 568 - 590
3. 734 739 - 730
4. 717 724 680
5. 844 834 685
6. 732 729 640
7 718 717 665
8, 580 622 685
9 577 612 680

10. 344 418 33D
1L, 263 354 270
12, 82 133 95
Outlet gas 662 750 -————

Outlet air 285 289 -———







, } @ o H @
- _ : ‘ N g W -~ &
3 0 : U 1 o ] & ORI &
2 w0 42 — rd vl Q ") &1 ot o
2 n oo o 1 I S 5 B | o et S - @ n
Sl & bl i Ho.on @ S = B )
@ ¥4 © o o 0 . @ ® O © 2 o3
Jae) o ol 3 o o~ o~ o~ ~~ (1) h [\ - -+ 0 . 42
o} R 0 Lo DL -2 B U I [T £ O
5] S - 2 9] N ~— (e} fe) 15 ey o =] k) fq 0
o ﬂ_ T © pe} © 4 =} =
L S = A = S~ SR -« S t ! i i i) -+ N L TRV S S 1 :
&3 Q [%] W o o2 | 1 1 ! 43 o s} (%] ] ) <4 [0}
P 4 i i i 1} | o} o e © bt I Vo) ity o
s (05 w el &) o ] i ] 1 = ) = O ) o KR
o] w @ U ! ! ! o ] By O . o Py P
~ o 42 a1} ] \ 1 ] o @3 e o e © Qb
LR N 5 ® Q i ! ! | g @ 43 5 [ QS Q QO Q@
) = = Gg i i i [} = o4 ‘ » K} (&)

o) b Gy m | ! ! i (o] o - Q = & [o] «§ ol
> i o) © 4 1] § t i t K e L | O (ST @
G\ o I | 1 i ! 0] =1 Sg ey ™ < @ @ o

6 2. o 1 1 i i (0] ~ 4 —fd o 2] o e
o [T o B 1 1 | i 9 © T S <o nw o Log
42 (0] e} ) b I i i i o I < 3 ) ) 0] :
(8 M| 0 = I D o [e NS > © - o
0, > 2o 0 & B & o
a) ® [ e} w Q %) s ) o < o
] ) [ ] ~ O ] E a0 o Q ol ) Q
© =R o @ - R S R o
¥ o 9 S 5 B B @ o 3 el .oz
8B od O, 0 P + I = w9 O )
i, o BoA © "2 : O o G4 . e | 23
- . + @ o n a -~ g ul 0 <« » ot (]
L2 B S ~ 8 1o} + O O ©  ® [is] .1 N Q 0 P O =
© I o’ e ESTE Vs TR G (0] Q© a © =1 o
N T A8 ©  © i oot <t @ = Ko oo &
@ w0 o d g Py : o O — 2 = 2o+
Pt 8 w0 B @) & R T = o o
N - 2] - © i ) a O . o i o ® e} o 1= )
O =] O el > - @ L = I = o £y @
42, 42 . i . + 1 (A o} vt O] (o) 0 w w )
e <4 0o o = R + e 42 +2 Gy +2 -2 N =y o o~f T md (52 1
L Y S T e a2 Q n o o O ® s
| ® 0 D ‘nm ) 0] [ 4] i B @ [ 4a) 0. = ) 0 | @
5 ) =R R = s S TR - - . o # o o =
o woQ N Qo L = N - SO = S T SO
f R s A » - ) @ + 0 o o m 0
o (@) “ + e ORI =N [ N R & .
4 10 RN @ o B - b R Py oo [ S - A )
G4 S ' B sl MP S — a3 e T e 20 B 0
, ~ o8 o o 2 N Sa T o
© B @ I © o QW LU = R S
) o 42 ) prid [ib} n P ()] =t (=1} pa}
P o W O 4 P o < P O 0] s =~ QA
42 Q = = 4 £ e o~ K o 0y © @
@ O & e B4 e =] [ SR =N = R = R s 4
2 n % o)

L




"“t‘

A
i
-

»
=

3

. Alr for Combustior

(8]

present air

-
TN
l?gu"’»

eir foxr co

of

i
i

4

o

cal a

ir

nt

ctio

E
d

is obj

oxide

gnetle

[
RN

Tel

ith

T
VY

-

along

fTurther

$ e
g

t

i

preve

-
4

-+

owveve

i

©
1
42
Gl
e}

tent

T
I

111 reduce the S0, co

Ture

0

] .
4L 0on

o

emperature Cont

T

Ca

yrometers

)
-

L]

2

el
L]

G4
o=
G

ey

t

; thaet

hh

‘ghiov

¥

™mns

tio

eV

le the fourth shelf haz

whi

perature,

are

temperst

of

[0

a1t

shelvesg c:

-

these

on

be expl




22

(L)

i

(8]
Fep,0; = 97 gte =

* Fe+l,.50

o

The decomposition of pyrites is an eﬂdotiermmc Penc

hE‘heat of decomposition ef

Ag ghovn from tabulation

=]
1

of # decreagse of availsble sulfur, combustien cccurs mostly

n

U

o the tempersturesido not rige
even shows a little lower tenperature

is believed that in To. § ghelf Fe

11t1ng:L¥ﬁm1est temperature.
D. Orier of Resctlon of Roasztlng wyrites: From the

complex series of reszctions and other secondary reactions,

the order of reaction is not easy to determine. A plot

some. definite shape but unot of a stroight line. This
showg the order of reaction cannot be primary. Iost
likely it belongs fto congecutlve reactlons or sgimul-

taneons reactions.

(1) Ref. 7
(2) Ref. = i
(3) Tef. 4
{4} Ref. 6




L. That pyrites br and §,followed by secondary

reactionsg immes

II. That the first ©0P five shelves do 704 of the combustion,

while the 1owe£:five shelves cemplete the corbustion to
95 %, About?lﬁ% of combustion is done by the ninth shelf,
while the hotton three shelves help to cool down the cln-~
&=y der.
ITI. Thet the highest temperature is in Iifth shelf; this does

not indicete most combustion is tukeﬁ up in that shell

i
w

but rather =h ws Fe oxidized to Fe,0;.

' 1
t top few shelves, inereases grady
) is present _ {
wally, rudtil o 50% of § as sulfate in cinder.

r

V. That 74,000 F+° air / hour is sdmitted into the fur-

ph

7. Sulfetey .ideex réagey. ©

-3

nace forvcombustion,v' which ineludes abdut 10% of
cooling sir lealked in.

VI. That the order of reaction of roasting pyriteé ig not
primary. | |

VII. Thet & plot of #EErzzme availeble sulfur vregent &ga-
inst different shelves is worked out using 10037 feed
hagis., The two curveg show clearly the change ef
rate of combustion.

TIII. That the average combustion ex;icie;éyA%§,95p ghows

the satisfactory operating condition of the burner
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7,50, added. To this solution was added

the content of the first small flask containg acld

Method of procedure for determination of free sulfur
- Samples of about 12 grms were téken and
extracted in Soxlet apparatus for 12 hes with carbon
bisulfide. The residueA;gMZvaporated to dryness aﬁd
carbon tetrachloride saturated with brome. 10 ml of
strong nitric acid added and boiled for & while. The
solutiom.i&?agaen diluted and barium chloride solution
added and the pfecipitate is burnt and weighgﬂ agd

barium sulfate.




HMethod of procedure for Sulfate :-

In. every case a 10 grms sample was

and boiled with about 200 c.c. water for 20 Hinutes

<,

TEG

ren

iltered. The filtrate was %

alein was added to the filtrate and neubtralized by
HCl, To this reutrael solution a known volume of
standard Barium Chloride solution added and excess
titrated with standard Scdiuvm Carbonate solution
to ?iﬂk colour.

-

t is not guite distinet due

point a few drops were af a time and let the pre-

L
1

ne

hat the ligquid will show

true colour.

ghows no collour. & 'Tew drops of phenolphih-




82

Yethod for Cas Analysis.

The gas was mmalysedgby en Orsat eppara-

tus by first absorbing SO; in chromie acid solution,

and then passing the remainder of the gesg into pyro-

s

cgellic ecid whieh absorbed the Oz« The unabsorbed

»ggg was assumed %o be‘N2.<E A trap was made of glass
wbol that was inserted between the Orsat and the
main to take off the dust that happen to come with
the gas. Mercury was used to draw the gases from
the main and shelves. In orderto prevent the dry
gas from taking up any moisture while being pass?
ed thru the solution for absorbtion, the mercury
was covered with a very thin layer of wéter. Thus
the gases were saturated before enteriﬁg the absordb-
tion tubes. The gas burette was water jacketed and
-kept 'at counstant pressure. |

The chromie acid solution was made by
dissolving 165 grm of sod dichromate in 125 mil
water and adding 40 ml of 66°Be H;S50..

The pyro solution was made equal weight
of pyrogallic acid and sod hydroxide. 25 % solution
of caustic was made and same weight af pyrogallic
acid as caustic was placed on some glass wool in a
funnel and caustic solution poured thru which dis-

gsolved the pyro;without.oxi&izing to a great ex-

_temt;
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50.48

57.95

Copper and iron as sulfabte in cinder.

Run #1, Run #2.

1,109 . Fe = 0.316%
0.2544 ou 651z
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Free Sulfur

Eeed

"Wt of sample.’ 12,8432

Wt of BaS0, 0.2190

Run #1 -

Ho

Tio

Yes
Yes

Yes

Little

Tittle

No

(RUN #1)
#2
i2.9252 Grms,
0.2388 Grms.

Copper and iron as sulfate in cinder.

Run #1
Wt of sample 10.000
Wt of Cul 0.0318
Ul Km0, 19.2

10,000

Run #2

Grms
0.0703 Grms
5.5 ml.




Sample. . % gulfur Lverage
) ag sulfate . |

Peed 0.795 0.815
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Sulfur as Sulfate. (Rum #2),

Sample % sulfur Averag
‘ as gulfate

0.764
0650

i 0,403 0.382
0,364

7 Q370 0.%361
0,252
0,628 0.659
0.690
C.746 20,800
0.855
0.500
1,840 1,800
1,770







Temperature in °C,

RAV]

10.00 11,00 .00 1,00 (%ime)  Ave

| 520 523 545 550 535
3. 715 730 745 745 734

716 715 722 715 717

850 830 830 865 844
6. 740 730 730 730 732
7. 726 715 715 705 715
8. 575 530 585 580 580
9. 570 580 580 580 - 577

10. 360 375 320 320 344
11. 295 298 240 220 263
12, 85 82 80 82 v 82
Outlet gas 655 660 670 665 ' 662
Outlet sir 275 276 290 300 285

( Pressure drop = 4.4 )




3. 720 713

2. 727 713

120

Outletgas726 730

Outletairss? 285

( Pressure drop

=L1“¢

2

”

~1

fav]

)

4.00 Ave
575 568 566 585 568

740 © 750 720 738 740 W30
735 740 716 735 720 724

825 834

675 729

56 760 746 766 784  VHQ
s 295 275 290 285 289
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Temperature on dif, shelf when gas samples

were analysed on each shelf,

Temperature in °C,

Shelf Mo 8,00 9.00 (time)b Aver,
2 590 590 ' 590
3 730 730, ,, 730
4 €80 680 680
5 680 690 685
6 640 640 640

'7 670 660 665
690 680 685

9 680 680 680
10 3%0 330 335
11 270 270 | 270
12 1100 20 ; 95
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Original Data Sheet.

Exit Gas Analysis.

Run #1l.
Time S0, . 0s 50,40,
10 A.M. 9,1 7.7 16.8
11 8.4 8.0 16.4
12 8.0 8.4  16.4
1 P.M. 9.1 7.3 © 16.4
- Average 8.65 7 .85 16.5
. Ty = 85.5
Run #2.
10 AM. 9.5 7.3 16.3
11 11.0 4.4 15.4
127,00, 10.2 6.0 16.2
1 P.M.  10.0 6.4 16.4
2 8.0 | 8.2 i’ 16.2
3 0.0 7.1 17.2
4 8.8 7.6 16.4
Average 9,56 6.61 16,37
.

¢ @ Ng = 85.65.
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Orig”ﬂal Data Sheet.
Air for combustion.

‘Pitot tube Readings. (Run #LY

Inlet No Dif. in Rdg. of Mulbiplying Manometer.

10,00 11,00  12.00(Time) = Aver.

1. 3.3 © 2. 2.2 2.63
2. - 556 2.2 3490
5. 5.8 2.6 2.6 5400
4. B 2.4 2.4  2.40

5. — 2.2 1.8 - 2.00
6. 3.4 2.6 3.0 3,00
7. 2.1 2.2 2.0 2.10
a8, -— 2.0 2.0 2.00

Lverage 2.63

Temperature of inlet air = 60°F.

¥Multiplying factor = 47.6




Dif in Rdg. of multiplying manometer.

11,00 12,00 1.00 2.00 (%ime)
1.0 1.4
3.2 2.4
2.0 2.4
1.4 1.0
3.0 2.0
3.2 2.2 /
0.8 1.2 \
2.6 | 1.6

Average air temp = 67°F,

Menometer rdg in peed holes.

Average

Inlet Mo Dif. in Rdg. of alcohol Hanoumeter.
1. C.BO inch
2 0.22
D 0.25
4, 0.30
De 0.30
Average 0,28

AV]

v
L ]
H O 9~

o
———onn

1.96
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B

Original Data Sheet.

Cooling air measurement.

Inlet

(Run $1)

Time Dif in manometer Rdg.

10,00 °
11,00
12.00
1.00
Temp (ave)

Average

12.00
1.00
2.00
3.00
Avefage

Temp(ave)

1.2
0.8
1.6
1.4
602

1.25

1.8
1.4
1.2
1.0
1.5
60°F

(Run #2)

Outlet.
Diff in menombr Rdg.
2.0 |
1.0
l.4
1.6
285°C.
1.35

2.0

1.6
2.4
1.2
1.8

289°¢
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Pipe Factor Determination

of Inlet Cooling Alr Pipe

Distance from Circumference  Dif.,

21,0 17 - 0.8
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kel
ol

tion (Run i

u

2

r Deternmin

 Total Sulfy

a2

S}

o
o6
7
[a1)
=5

82,95
25,15
19.82

0.7487

[N

18.73

C.6998

0l

=

A

0.5
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alculation




~ Sulfur as gulfete ( Run No 1. )

”(‘Weight>0f Eaeh‘samplé = 10 g;)
Semple c.c. BaCl,  c.o. BaCl, C.CMa 00,
o W=0.1309 = 0.441 M= 0,1235

20.0 31.3

20.0

T OB 1 Rt ——— .




Sulfur as Sulfide,

A1l sanples are 2.500 Grms.

(_ Pun #10)
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of Samt

ol

o

10

Cind

io 5170‘o.f;

.5590
0.5150 1.6305 43,50
o.4é88 . 1.4113  58.95
0.5189 i 1,1688 .. 30.90
0.5153 - 0.7557  19.55
0.5143 0.6862 18.58
0.5136 | 0.6179 16.53
0.5145 0.5282 153.96
"~ o.s76 0.3978 10.56
0.5085 - 0.2393 6,46
er ”0,5158 a 0.1287 3,45
0.5354 0.1534 3. 44
Semple Calculation
Shelf #10
. .2393 (S/Bas0s)
b 5 = mmmm—————— ---= (100) = 6.46

0.5085

45,87

33.50

78,95

30.90

i







_of Barium (i

R T e

Fondie

(First Soin)

I

‘fiQo

Wt of BaSO.  1.5320

Ave W = 0.1309.

(Second Soln)

_ o . #1 - #2
c.c Ball, taken 50 - 50

U.

Wt of BaSO, 2.577¢ . 2.6749  Crm,

2.8770 % 20 x 2

'Nl = e

233.44

]
O
[
=
>
Da

=
o
n
1
H
i
1
1
1
!
'
t
!
i
1
1
1
1
£
1
1
l .
O
-]
>
>
[u




on

ow

Standerdizatb Pot Permengenate Vs NazCz0. -

Grm

¥  26.18 |
N, = ==-=-=------ = 0,1086
1 35.9 x 6.701
25.85
N

35.65 x ©.701

o=
™

Il

i

1

t

}

i

3

1

i
O
.. i
S
(@)
(@s]
(€s]

Ave T = O.iOS?.

B
&

S 1l ec.o A0, = =,1.087 x 005584

1

00606 grm Fe.

( Second,SOLn) | A #2
Wt of Ha.C,04 = 0.2555 0.2622

¢c.c 0, used = 37.2 | 38,3

T = 0.1026

H

W, = 0,1024.

Ave X 0. 1025

1t

1]

1 c.c Km0, = = 1.0625 x .005584

= ;00573 grn Fe,

el




€

( Flzi,_t Soln ) : :

; | A #
b i Wb oof HBz 0.711¢ 0.6993 Grm,
- c.c NazC0, used 48.95 50.4
1000 x 0.7114
W, = mmmmmemm—mmen = 119
1 8.9 x 122.2
v

1000 % 0.6993

Np mem—m—cmmmmmeee = 114
50.3 x 122,2
Ave nlf = 0,116,

~ (Second Soln)
. I N l #e
Wt of HBz 0.5000 . 0.5000 - Grm.
C.c. NayC05 3.4 35.1

1000 % 0.5000

] = —m-—mmmmmmmen= 0, 1229 :
35.4 % 122.2
1000 = 0.5000 1

Ny = ~—mmmmmm ——smm= 0.1240
33.1 x 122.2 )




24.15

N of KiI

(@)} o
— ()
. =i
(@]
I 2}
) B
<H:
O @
rmm N H

25,00

w

26.0
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Caleculation of Aixr for Combustion

Run No. 1 .
, 2.63 % 62.5
A = —mommmmcmoceee = 3.765

47.6 x 12 x L0765
= yé g h = 15.58 4/ sec

Total Ares of 8 A

o

e

-

T L 2
r:Ports = l.QO 5.

. It Alr / Hour 56,000 from measurenent

Air Leakage = 18,100 Ft /nbr.

v e g e e pan

Total Air for | s
Combugsion . =74,100 Ft / nr.

= e = 2.381
47.6 = 12 x ,0765

U=+v2gh =15.45 ft./seo

. o Tt Adr/ four = 48,400 -
Alr Leakege - =

4ir thru Peep Holes = 18,000 T% /hr.

s

) h = 0.538'" H,0 = 25 Tt of air
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Cooling Air Ieasuremen?

Imltiplying Factor of lanometer = 10.05
»inlet: i Pipe Cross-sectional Area = 268.4 in”
Pipe Factor = 0.634 ;
‘Run No.  hodm Ft. of air u d Tt /Ers
1 ( 53°F) 4.94 S 17.8 119,300
2 ( 60°T) 5.34 18.5 124,000
Outlet: ‘Pipe Cross-sectional area = 255 in .  ?
Pipe Factor = 0.84 - .
Run o. . h in ft. of air w in ft./sec. Tt /EHr. .
1 (285°C) 14.85 50.8 196, 200 )
2 (289°C) 19.90 35,7 227,000 i
Adr Leakage'Calculation
o YA -
Run Mo, Inlet Air Ft /hr. Outlet Air ¥4 /hr | "
| 1 (59°T) 119,300 101, 200
2 (60°F) 124,000 116,400
. » @ air Teakage = 15,2  —-weeee- Run Fo.l
. . % Alr Leakage = 6.1  —---—= Tan 0.2 :
- _ e




6C

~Sample Calculstion for Sulfate.

Tl

¥t of sample = 10 grms.

= 31l.3 , H=.123b.




d =% s in analytbical data of any shelf.

jol}
n
|
i
i
!
i
H
I
I
i
!
|
1
!
|
|
H
1
t
1
i
1
i
1
i
i

(b + 0.378s + ¢) d

100 - 0.625 4

Calculation for iron and sulfur assuming comolete 3 i

combustion of sulfur and ironm oxidising to Feo.0s.

Bagis 100# ore.

Run #1. Run #2. il
Feed :- g
Fe = 42,61 Fe = 42,8C i

o
n
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O
(90}
wn
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45.87

. Iners = 11,32 - Inert = 11,530
159z42.6
42,61 Femwmommacann 42,8 Fe = 159,6 x42,8/111,6
111.¢6 '

= £1,2 Elezog

..Fe = ’:1_‘206 = 85.(.)([—: FEZ‘ = ‘9_:'52 = 5’943, c/:t‘
0; = 18.1 0p = 18.4
Inert = 11.3 Inert = 11.3
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ical air for Combusiion,

Galevlation of theore

mwmmmmemanma = 38,0 mols of excess O, in exit gas. i

8.+ 38,0 = 73,1




14,4 nols of 0,
;fOI‘ Fegoig. o

L0~

-4587 - ,0343)

B ettt ke e 33,2 molsg of 02;*~'
' 2 . for S04,

\

33,2 x 6,81

mommiese-- = 23,6 mols of 0 excess in exit
9.56 |

gas a

Tobt mols of 0, = 14.4 + 33.2 +

. c -

e G s A g e e wes e

292 -




Dividing equal areas of a circle used

in' pipe factor deternination
N .
let: _ e
R = radius of the 01vcle‘
m = no. of ec Uﬂ’ areas
n = order of circle count
from inner 01rcle
L (1)  r = radius of any eircle
General Equatici,
’ R L N
r =+ n/m R >

_,'_S
i
N
g
j=v}

ré = ,O R = v2 rl

r =v3/5 R =+ 3 »
3 1

ry =YE5 R =v&x :
, 1

[

(l/ Thls general equabtion also apglleo to square
substltutlng side for radlus
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