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The people's Republic of Mozambique has a steel complex
in Maputo by the name of CIFEL. The mein production capacities

of this plant are 3

Cne no. Electric Arc Furnace of 1.5/2 ton capacity, one
no. 2 ton side blown acid lined converter two nos. cupclas cf
3 ton capacity each, one 16" five stand three high open train
type mill, one wirerod mill. The two mills have a capacity of
approxe. 50 ktpy rolled steel products.

The rolling capacity has not been achieved so far,
mainly because the billets required for these mills had to ke

imported and funds vere not always available.

To save the scarce foreign exchange the project of
productiocn of pencil Ingots by bottem pouring practice was
conceived., In the first stage of the present UNIDC/UNOP
project, the technology of bottcm rouring of pencil ingots
was implanted by the autbor during March, June 1981, 1In the
present assignment the Industrial scale demonstration Iun of
this technology ¥asto be carried out alongwith technc-econcmic
appraisal of expansicn modernization of foundry, steel melting
shop and incorporation of CFi founary for the production of
steel billets for the full utilisation of Reolling Mills.
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HOULD COATING @

Various kinds of moulid coatings are employed to get

smooth ingots surface, easy stripping and improved mould
life,

Moula oils are extensively employed. For carbon Steel
Furnace oil thinned with tarpentine or kerosene oil is quite
effective.

The interior surface of the mould cavities were cleaned
with brush and then neated o0il was applied with the help of
a cloth brush. &EZxcessive oil was wiped off with the help
of dry brush.

Lfter the application of oil coating the touch hot
moulds were lifted 4 at a time with the help of specially
designed tackle and ECT cranre and were placed on either side
to form a cluster. The noulds were adjusted with the help of
a crow bar and hammer so that the centres of meould cavities
almost coincided with the centres. of risers of B.P.refractery
bricks. This is checked with the help of hand lamp cr torch.
This is important otherwise the mould misplacement may result
in damaging the mould sides by metal scoring and legkage cf
plate,

After placement of moulds, clsy pas*e wasd thrown around
the moulds and trumpe<ts to piug any possiole minor cavity

between the moulds and tottom plate.

ey~ - AT ey s
2. €) STIESEL TEIZMING FRACTICTE

The proper steel temperature is very important as too
high temperature will give rise to mould stickers anéd may
results in plate leakage whereas low temperature will increase
the viscosity of the metal and flow of liquid metal beccries
difficult resulting in short ingots and bucts,

At the time of teeming metal temperature should be about
50°C apbove the solidus temperature,

At CIFEL liquid metal temperature of 1600°C in the
furnzce prior to tapping gave smooth teeming.,

CONtUoeoeroesbonas
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The teeming ladle filled with liquid steel was sized
over the trumpet funnel and teeming hole centre was brought at
the centre of the funnel. Slowly the stopper was opened to
watch the centre of the metal stream and then immediately £full
stopper was opened and teeming continued in normal fashion.
Once the teeming is started the stopper should never be shut
otherwise cold shut on the ingots will result and ingots may
break in two parts while rolling. When the steel wag about
four inches below the required ingot length, the flow was
reduced by slowly lcowering the stopper and finally metal
trickling was allcwed to take care of the solidification shrin-
kage of the steel ingots. When the metal stopped rising in
the mould, the funnel was filled and the ladle removed away.

2 4d) MOUID STRIPPING AND RECYCLING 3

The steel wvas allowed to solicdify in the moulds and
after 20 minutes from the time teeming was completed, stri-
pping of ingots from the moulds was started. The moulds
were lifted with the help of hook tackle suspencded from the
EOT crane.

Thus four nouids were stripred at a time., After
completion of stripping the ingots were left for further
cooling. When 1t was manageazble to work near the ingceis,
these were removed with the helip ¢of crane, the runners from
the bottom of ingots were removed by hammering and gas cutiiag
and clean ingots were stackec for despatch to rolling mill
for roillingiato desjired shapes.

The moulas thus strippei were kept on, a zlateform
mace by two rows of billets for natural cooling and avoiaing
their contact with sand and mud. After the moulds had ccoled
Gown to touch hct condition, these were cleanea, ccated with
0il and were placed on the bricked bottom plate for subseguent
pouringe.

The bottom plate from which the ingots were removed,
was rleaned and new set of 3.7 .Refractories was placed as
stated above before setting the moulds for subsequent pouring.

CONtdeeeeecToovve
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SUMMARY OF VARIQUS STLPS 3

Clean bottom plate by removing broken pieces of
refractory bricks, fire clay etCeecec.. used in
previous heat.

Inspect B. P. set refractories before layinge.
Discard camaqed, cracked bricks. Clean the

brick channels of blockade if anye.

L2y runner bricks in the bottom plate, level
these by packing sand underneath.

Apply fire clay paste at the male female joints
while laying the brickse.

Fill the gaps between bricks and plate channels
with sané and apply fire clay mortar on top.

Scrapeexcess fire clay.
Clean brick hollow caannels by compressed air.
Place trumpet sleeves on the centre bricke.

Close the irorn trumpet around the trumpet sleeves

column.

Pill sand in the gap between trumpet and refractory
Sleeves,

Clean & inspect the iagot moulds from major crackse

Apply hot mould oil coatinge.

Set the ingot moulds on pottom plate with the help
of EOT crane, crowbar and bammer.

Check the centres of ingot moulds.

E ~
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Apply clay paste around the ingot moulds to close
possikble minor gaps between bottom plate and moulds.

Size steel ladle over the trumpet and teem the ligquid
steel coatrolling the stopper during different
stages of teeminge.

Allow 15 to 20 minutes for solidification of steel.
Strip the ingot moulds and release stickers if any.

Remove ingots f£rom the bottom plate when sufficiently
cold,

Remover runners from the bottom of ingots. Dress
the ingots if necessary prior to despatch to Rolling
Mill £for Rollinge.



1)

ii)

iii)

iv)

v)

vi)

vii)

1)

i)

REVIEW AND IDENTIFICATION OF QUALITY PROBLENS FCR
TNGOT MOULD PRCDUCTION

The following major problems were faced while manufa-
cturing the ingot moulds.

proper chemical composition

proper sand mix for moulding

proper sand mix for core

Core insert bar

proper core paint

Core baxking

Aluminium core boxe.

CHEMICAL COMPOSITION 3

The following charge mix was used in cupola. This
gave metal of sbout 4 % equivalent carbon and harness
of 235 BHN. The chill test shewed 1/4"® chill.

PLg 1ION sesecocsescevccceasscccoscccce 100 kge.
M.S.SCIaD ssevescssesasccsccvscccoccaas S0 kg»
C.I.Scrap & £oundry ZetUIM ececescoovcne 150 kge.
1ime SLONE secsccessssscceesscsocccncns 16 kg«
COKE ocossrsocvsessassasossssssscscccacss 45 Xge.

1 Xg. Fe=¥n & 1 kg. FeSi.

SAMD MIX FPOR MOUIDING ¢

¥re. N.G.Chakrabarty co-expert gave the following
composition of mould sand wnich was found quite
suitable.

white sand - 30 kg
Red Sand - 20 kSo
Bentonile =~ 1.5 Kge

aentocoal =~ 2 kge
Water -~ 2 litres

Contd...-..lO...




iii)

iv)

v)

The proparties obtained from the above mix were 3

Moisture - 5%
permeability -~ 86 %
Green compressicn strength eeee. 17.9 1lbs/sq inch.

CORE SAND MIX 3

The following sand composition was employed washed
white sand ( 30 mush ) «... 50 kge

Red Sand eceecsssesscsessee 4 Kge

BENtONite eescsescccssssess 2 kge

Liquid Dexil ( Foseco ) «.. 0.5 lit.

Coconut 01l eeccevcsccensos 003 lice.
MOlaSSES eesescscossssssses 03 lita

WAter eeeececessscscccccsoss 1 lit.

The properties wereé 3

MOISLtULE evesessscsecs 38

permeability ececececee 90

Green compression strength - 5 lbs/sq. inch.

CORE INSzRT 8AR 3
At present perforated steel tube 0% 2% Q. D. covered

with hesin rope is being used., This many times results

in core cracking ducirg bzxing and subsequent metal
pouring due to nhigh expansion, TO oOvar come this
problem a cast iron pipe is being cast and it will ze
usad in subsequent corese.

CCRE PAIMNT

Mr. Chzkrasarty gave the £fcllowing composition for
making the paint which was applied on the cores with
the help of soft brush in the green stage.

Natural Graphite -~ 50 parts

Electro Graphite = 50 parts

Bentonite - 10/12 parts

Water - 30 parts

To get viscosity no = 45

contdnooooocclloo




vi)

vii)

11

After applying the core paint and trowelling smooth
the ccre surface, the cores were baked at about 250°C
for 4 hrs. The cores withdrawn from the oven, were
again painted and polished by trowelling graphite and
were baked again for two hours. Natural graphite was
not available, hence electro graphite was used.

ALUMINIUM CORE BOX 3
The major problem was the core boxe CIFEL was advised

during the auther's last visit to prepare aluminium
core Lox to get proper s+rzight cores. The wooden
core box does not retain its shape due to contact -
with mcisture. MI. Chakrabarty also emphasized the
importance of metal core box, MI. Chakrabarty has
given core box and core carrier drawings to CIFEL to

prepare aluminium core DOXe.

The first ingot mould was cast on 6th December, 1982
and after machining it was brought to steel foundry
on 23/12/1982. The first casting in this mould was
done on 31/12/82. The mould benaved alright and
stripping was smocotie

Further details of ingot mould menufacture will be

given by Mr. M. G. Chakrabarty in his report.



EXPANSION AND MCDIFICATION OF MEITING BAY 3

memt——

During the last assignment of the author CIFEL was
advised for the extension of melting bay towards
Rolling Mill as this is the only possible way to

get extra space for ingot manufacture with least
coste Only few columns and extension of crane gantry
is required.

CIFEL has atlast prepared a drawing and bill of
materials for this extenmsion on 27th December,

1982 author alongwith Mr. N. G. Chakrabarty and

Mr. Mota, Technical Director, CIFEL visited the
steel stock yard of Maputo to explore the availa-
bility of required steel sections. All the sections
were available and lMr. Mota prcmised that he will
arrange to reguisition these immediately and start
the fabrication worke.

CIFEL has been advised as how to utilise this
additional space uncder the EOT crane.

A lay out of this area was prepared and explained
to CIFEL. The sketch is enclcsed.

Mr, Ussene Issufo Ibramiogy Director of Project
planning informed that one adaiticnal crane will be
installed in melting pay and new hoist assemdlies are
being procured for the existing cranes. One more
crane is being procured for the second moulcing bay
and stores from one end of this bay will be shifted
away to get extra space in this baye.

As suggested earlier, the sugar rolls should be
shifted to CM foundry as these cause consicderable
disclocation in CIFSL operations., CIFEL doés not
have big enough EOT cranes to tackle such heavy
castings and road mobile crane is brcocught into the
shop to tackle sugar rolls, The dislocation created
by such activitics would be felt more severely once

contdoooo¢'~»l30000l




regular steel ingot production starts.

Once the sugar roll production is shifted away from
CIFEL, the space thus available in melting bay could
Le effectively utilised by installing one more

i converter stand and connecting the same with the
existing blower. Thus with least expenses daily
operation of the converter would be possible and
this will boost the production of steel,

. The melting bay at CIFEL does not have plateform weigh
bridge to accurately weigh the arc furnace scrap charge
and the present spring balance gives erratic readings
resulting in variation in weights of metal from Arc
Furnace. A 5§ ton plate form weigh bridge is a muste.

—— S —



i)

ii)

ii4)

UPGRADING CF ILABORATORY FCR CHEMICAL AJALYSIS :

Chemical Laboratory is a big bottle neckx at CIFEL for
the quick and smooth production of steel. Meny a time
even carbon analysis takes more than half an hour to
reach the melter and many times the Arc Furnace after
melting is put off waiting for the analysis. Deter -
mination of 'P' is not carried out for want of
chemicals., Immedicte remedial steps are necessary
without which production cf quality steel would bhe
difficult and the productivity of the shop will suffer
very badly.

% three pronged stratcegy should be followed depending
upon the funds available and other constraints.

INT=ZNSIVE TRAINING OF CIFLL LASORATORY STATFE @
At least four chemistsshould he trained to teke care

¢f the shifts. One chief chemist - cum - laboratory
incharge should be trained to acccunt for the work
carried out by'shift chemists and to look after the
laboratcery and the requirement of the consumabdble

items.

PROCURZHFENT CF LAS. CHEMICALS, GLASS -5 CTHER

ACCZISSORIES ¢

It is surprising to note that the analysics of Iron
&

(o]

and S+eel for 'P' is not carried out for last cne vear
or so. There is no inventory planning and control.
The resuit is, many a time vital chemicals are not
available. Planning and procurement of chemicals

needs no emphasis. It should te done straight awave.

PROCUREZMZNT COF SPARES AMD ADDITICNAL ESUIPMENT 3
One spare carbon and Sulphur analyser should be

procured., One more cnemical balance preferably
single pantype would be required. Spore carts for
the silicon analyser and one more silicon analyser
would go a long waye.

CONtlseveeeeslSeccee
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Leecis and North rup of England manufactures lot of
metaliurgical analysis devices., One such device for the
Guick determiraticn of 'C' inircn and steel would immensely
help the operation of cupolé, converter and Arc Furnacee.

The temperature recorder at CIFEL does not function properlye.
kA stand-by set would be beneficial.

An instant two point communication system Lztween
laboratory and mel*ing bay should bLke established to avoid
unnacessary delay in reporting the analysis.

5 a) METHCD OF CHEMICAL ANALYSIS OF PHOSPHORUS ( VOLUME -~
-TRIC ,

Determination of 'P' in iron, plain carbon steel and

low chromium steel.

SOLUTION PECUIRED 3

i) Ammopium Nitro Molvbkdate

Dissolve 100 gram Ammonium Molybdate in 200 CC
water and add 200 CC NH ,0H. Mix 750 CC water and
500 CC HxO0; in 2 bottle: Cool telow 20°C when both
solutions are cold add Amonical Molybdate to the HHO3
solution a few CC at a time with continuous shaking
to dissolve Melykcio acid, wait for 30 minutes, then
add very little amount about S milligram of Ammonium
Ortho Phcschate. ZFilter througn ordinar-y f£ilter
paper and keep the solution in stoprered bottle.

1i) Potassium ner Marncganet solution

5 % sclution inhot water,

iii) Sodium Sulzhite
Dissolve acout 2.5 grams, Salt in 100 CC water
( NaNoz. KNOZ, Feso3, FeSQO, can also be used ).

4

iv) Dilute MNi+ric Acid
400 CC cone HNO3 in 1000 ml. distilled water.

T CoNtAesveeelboecene




v)

vi)

vii)

viii)

ix)

Ammonium Nitrate Solution

35 to 40 grams. 3ailt in 100 CC water,

Standard Sodium Hydroxide Solution

Dissolve 13.4 grams. NaOH in distilled water to
make the volume of 2000 ml.
Standardise the same against potassium Hydrogen
Pathalate. 0.7575 grams of Potassium Hydrogen Pathalate
is eguivalent to 25 ml. of N/6.74 NaCH.

Hydrochloric Acid Standard Solution

Take 26 CC conc. HCL ( analar grade make up
the volume upto 2000 ml. in distilled water. Titrate
against the standard solution of NaCH and adjust the
actual normality by additionof distilled water if
required.

Potassium Nitrate

10 grams in 2 litres of water, to be used as
wash solution,.

Phenolothaline solution

1 % in Methyle Alcohal.
PROCIDURE @

Transfer 7 grams steel drillings in 500 ml.
flask. Add 50 CC HNO5. heat gently to dissolve,
remove the Nitrous fumes. Heat to boiliag, make drop
wise addition cf Potassium Permanganet wait till stakle
brown ppt. is formed. 30il gently for two minutes and
clear tne scoiution by the addition of few crops of
Na2N02 or Na2503. Continue boiling for two minutes,
Remove from hot plate, cool near 75°C add 35 CC NH NO,
and 35 CC of Ammonium Molybkdate and 3 drops of Ammonia
Solution, shake well allow to stand for a couple of
minutes ( about 30 minutes ) filter through orainary
pulp, wash the ppt. with 0.5 % KNO4 solution uatil
washed 0,5 % ’NO3 solution becomes acid free. Acidity
can be checked with one drop of N/6.74 NaCH solution
and one or two drop of Phenolpthaline soluticn as
inaicator,

Contd.....l’?.-...




TransSer the ppt zlong with filter paper to the same

conical flask add 50 ml of KN03 solu~ion. 2dd measured
excess of standard NaCH solution shaking to dissolve the
yellow pote Add 3 drops pPhenolphthallne indicator and

Titrate with standard HCL solution.

% p = (mle of NaOH used - ml. of HCL used ) x .01l.

For steels containing high Cr, dissolve the sample
in 15 CC ENO4 + 25 CC HCL. After disoluticn and 20 CC HCL
and evaporate to fumes for 10 minutes. Cool and a2¢dd 10 CC
HNO4 200 CC water when the Sslt is dissolved £ilter and cchi=

plete the determination as above,




ISATICH Cr CFfM FOUIDRY WITHIN THE PROJECT OF

T founcdry has two nos. 5 M.T. €ach cupolas, one

2 M.T. cupcla and one 1 1/2 M.T. acid lined side
blowvm converter. This is a very old fourndry and has
an enormous pattern collection wvhich indicates what
a variety of castings was being made at one time.
However, frcm the beginning foundry has never been
used for mess production as that of CIFEL, inspite
of bigger cepacity cupolas, The acid lined side
blowvm converter is lying idle for many yearses The
big cupolas are not run even once a week and when
cupola opersztes, only few tonnes of castings are mede
wnich mekes their operation very costly, especially
in view of the imported coke.

To improve the productivity of this foundry
tne first step would be to install mechanised way of
charging-bucket elevator system - for the cupolas
similar to the ope at CIFEL and create extra storage
and handling of cast iron scrap, steel scrap and coke.,

The nain shed housing the foundrv is divided
in three parts with resgect to the crane gantrye
Cnly a one third gortion of tne shop at the centre
is covered by ZCT crane which operazt2s on 2an incerzen-
dent gantry supported by a new set of cclumns. This
gantry is tco low. Thaus the crane hoist is not much.
The location of gantry needs a tiwrough review
depending upon the use the shop is to e put +o.

Dyring the informal discussion the author
had with Mr. LUIS GOLSALEZ DIRICTCR Project Nation
Cemmission of Planning it was mentiored that
Mozambigque needs 3 lot of pipes for its agriculture
sector anéd at present some of the reqguirement is
being met by making steels pipes by bending the
imported steel plate welding it and galvanising it
agalin with 4imported Zinc. In this respect author
suggested that installation of centrifugal cast iron
spun pipe machine should ke studied, This type of
machine can qglve a range of pipe sizes, Hereover

.

the cast diron pipes have life more than four timces




¥
4
t
|

1S

the life of steel nipes and lot of Mozambigue scra
could be utilised.

(e

Author suggested to Mr. Gonzalaz to look into
this aspect and if further details are needed the
author would be glad to assist in this regard,

Thus one way could be to install a centrifugzl
cast iron pipe casting machine at CIM to utilise this
foundry for the manufacture cof different sizes of pipes
for agricultural needs.

The other way could be to convert this foundry
into a steel melting shop for the production of steel
ingots to feed the Rolling Mills at CIFzL.

Since already two cupolas of 5 ton capacity each
are there, the matching twin stand side klown converter
with required ancilliaries such as 20T cranes, Steel
ladles, transfer ladles, lekoratcry equipment, bottom

plates, ingot moulds, and machenised charging system of

s
cupolas could ke installed, znd steel preoducticon of

15,000 to 20,000 ton per annum cculd 2e acnieved.,

t i o
change the aci2 lining of the converter to kasic lining
to control sulphur and shesphorus in the steel so
prcduced, The author after reviewing this aspect feels
that the basic operaticn practice at CIFiL does not exi:z
and basic lining is very costly as compared to acid
linirg. However, there is another alternative which
could be easily employed by CIFEL with least cost and
ease of operation. This consist of ’

1) Changing tnhe cupola lining about cne meter
in length in the melting zone to basic,

ii) Making the basic slag in the cugola to
centrol phcsoihorus,

1ii) Inctead of fire clay, lining the tranciaer

-

ladles with wascic lining and removing the




sulphur by addition of soda ashe

iv) Charging the low 'S' & 'P' iron into the
existing §cid lined converter to make the

required low 'S* and 'P' steel.,

The author is told by CIFEL that the coke at CIFEL

is already low in *S* & 'P'. This should help in
making good steel and thus make it unnscessary to
have basic lined converter. This aspect needs further
study and experimentation kut the results would surely
bz rewarding.
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CY FEL

PIT SIDE REPORT

DATEQ...OQ..OO... HEAT h’IO..o.ooo.ooo.o.. QUALITY

TAP TI}E P ® 800 800 .TEEL‘&IE}G STA~RTED 90609 O e o o TEE{“I:‘IG OVER ®»® & s o0

TEE}! DLmTIOZq..'.....'..........yETAL T?‘:‘IPERATLTRS..............

CLEAN SHUT DRIBLING

RUNKNING

STOPPER CONDITIONeesocoaee

FULL INGOTS CAST _NoOS,. Av. length

s e ® e o0 @ e v 600 09 0o

SHORT INGOTS AND BUTTS ssceevcrvee
PIPED INGOTS o0 o 000 o 6 8 065 000 68

Av. Weight Total Weicht

e e o000 o000

FRCE I IE K B B

o9 e 00 0"

eoves 0eo s 0 e

®® 000008600 005

o0 o8 000 oo so s

TOTAL
‘I‘IEIGHT OE‘ EO:ES o 00 00 0O O 2P s I.ADIJ.:: NO.I....'.....'....I'

WEIGHT OF SKULL ..0.".‘..‘...‘... LADI-E LIFE 0 0 62 ¢ 6 060 8 00 000 ve

MOUIDS USED (Nos) .....'.O.ll.'l.l..."...'.‘-....IQ........O..

...'..'...0'...l...l......‘...."'.‘.0'..0....

Moms DISQED .000..'0000‘.0..‘.0'..00l..'a'o.ool.o’.'.'-o.o

..O".0.00.......‘OO."O

SIGNATURES PIT SIDE SUPERVISCR.







	0013A01
	0013A02
	0013A03
	0013A04
	0013A05
	0013A06
	0013A07
	0013A08
	0013A09
	0013A10
	0013A11
	0013A12
	0013A13
	0013A14
	0013B01
	0013B02
	0013B03
	0013B04
	0013B05
	0013B06
	0013B07
	0013B08
	0013B09
	0013B10
	0013B11
	0013B12
	0013B13
	0013B14
	0013C01
	0013C02
	0013C04

