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1 

I N T R 0 D U C T I 0 N 
======================= 

The people's Republic of Mozambique has a steel co:nplex 

in Maputo by the name of CIFE!... The· main production capacities 

of this plant are : 

One no. Electric Arc Furnace of 1.5/2 ton capacity, one 

no. 2 ton side blown acid lined converter two nos. cupolas cf 

3 ton capacity each, one 16 11 five stand three high open train 
type mill, one wirerod mill. The two mills have a capaci t~· of 

approx. 50 ktpy rolled steel products. 

The rolling capacity has not been achieved so far, 

mainly because the billets required for these mills had to be 

imported and funds were not always available. 

To save the scarce foreign exchange the project of 

production of pencil Ingots by bottom pouring practice was 

conceived. In the first stage of the present UNIDC/UN)P 
Project, tr.e technology of bottom pouring of pencil ingots 

was implanted by the autbor during March, June 1981. In the 

present assignment the Industrial scale demonstration =un of 
this technology ":as to be carried out alongwi th tecimo-ecor.c~ic 
appraisal of expa.,sion ~odernization of foundry, s~eel melting 

shop a.na incor?oration of CFH f ounaxy for the produc-t.ion of 

steel billets for the full utilisation of Rolling Mills. 
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.HGvLD COATI~~G : 

Various kinds of mould coat~ngs are employed to get 

smooth ingots surface# easy stripping and improved mould 
life. 

Moula oils are extensively employed. For carbon Steel 

Furnace oil thinned wit.~ tarpentine or kerosene oil is quite 
effective. 

The interior surf ace of the mould cavities were cleaned 

with brush and t.~en heated oil was applied with the help of 

a cloth brush. Excessive oil was wiped off with the he!p 
of dry bru:ui. 

After the application of oil coating the touch hot 
mou!<ls were lifted 4 at a time with the help of specially 

designed tackle and EOT crar.e ar.id •;;ere placed on either side 

to form a cluster. The moulds were adjusted with the help o= 
a crow bar and ~arnmer so that t~e centres of mould cavities 

almost coincided with the centres.of risers of B.P.refractory 

b!:'icks. This is checked with the help of hand lamp er torch. 

This is irnporta."'lt otherwise the mould misplacement may result 

in da~aging the mould sides by metal scoring and leakage cf 
plate. 

After placement of moulds, clay pas~e was thrown arounc 

the mo:..1.lds a.~d t:'.:.-npe~s to plug any possi~le minor cavity 
between the moulds and bottom plate. 

2. c) STEEL 

The proper steel ~2mperatu.re is very ~~portant as too 

high ter:lperature will gi,1e rise to mould .stickers and may 

res1Jlts in plate leakage whereas low temperature will increase 

the viscosity of the metal and flow of licr.iid metal becc·1es 
difficult resulting in shi~rt ingots and bucts. 

At the time of teeming metal temperature should be a~out 
50 ·c above the solidus temperature. 

At CIFEL liqi.i.id metal temperuture of lGOO •c in the 

furn~ce prior to tilp~ing gave smooth teeming. 

contd ....... G ..... . 
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The teeming ladle filled with liquid ateel was si~ed 

over the ~r'..llilpet f"..!!lnel and teeming hole centre was brou<jlt at 

the centre of the funr:.el. Slowly the stopper was opened to 

watc.~ the centre of the metal stre~~ and then irn.~ediately 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. t·Ihen the steel was a!:lout 

four inches below the required ingot length. the flow ~-ras 

reduced by slowly lowering the stopper and finally metal 

trickling was allowed to take care of the solidification shrin­
kage of the steel ingots. When the metal stopped risi~g in 

the mould, the funnel was filled and the ladle removed away. 

2 d) MOU!D STRIPPING AND RECYCLING : 

The steel was allowed to solic.ify in the moulds and 

after 20 minutes from tile time teemi!'lg was completed, stri·­

pping of ingots fror:i the moulds was started. The moulds 

were lifted with the help of hook tackle suspended from the 

EOT crane. 

Thus four moulds were stripped at a tll:le. After 
completion of stripping the in·;ots were left for further 

cooling. When it was m~~ageable to work near t.~e ingcts, 

these were re~oved with -:he help of crane, t.~e rur.ners from 

the bottom of in~ots were removed by harn..-nering a::d gas cut-ting 

and clean ingots were stackec for despatch to rolling mill 

for rollingi~to desired shapes. 

The moulas thus strippe~ were kept on, a ~latefor.n 

mac:.e by two rows of billets for natural cooling and avoiaing 

their con~act with sar.d and mud. After the moulds had cooled 

down to touc..11 hot condition, t.11ese we.re cleanea, coated wit.'-1 

oil and were placed on the bricked bottom plate for subseq~ent 

pouring. 

The bottom plate from ~nich tbe ingots we=e removed, 

was cleaned and new set of a.F.Refractories was placed as 

stated above before setting the moulds fur subsequent pouring. 

contd •••••• 7 ••••• 
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SUMMARY OF VA?.IOUS STEPS : 

a. Clean bottom plate by removing broken pieces of 

refractory bricks, fire clay etc •••••• used in 

previous heat. 

b. 

c. 

Inspect B. P. set refrac~orieS before laying. 

Discard d~aaged, cracked bricks. Clean the 

brick channels of blockade if any. 

Lay runner bricks in the bottom plate, level 

these by packing sand underneath. 

d. Apply fire clay paste at the male female joints 

while laying the bricks. 

e. Fill the gaps between bricks and plate channels 

with sand and apply fire clay mortar on top. 

f. Scrapeexcess fire clay. 

g. Clean brick hollow channels by compressed air. 

h. Place trumpet sleeves on the cent=e br~ck. 

io Close ~1e iron tr\l..~pet around the trumpet sleeves 

col ur.i..."'l. 

7 

j. Fill sand in the gap b~tween tr.Jrnpet an~ refractory 

sleeves. 

k. Clean & inspect the ingot moulds from major cracks. 

l. Apply hot gould oil coating. 

m. Set the ingot mould3 on botto~ plate with the help 

of EQT cra.'1e, cro• .. :bar and. harr.mer. 

n. Chee~ the centres oi in.;ot r.-.-J',,J.lds. 

cc~td ••••••• ~8··~· 
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o. Apply clay paste around the ingot moulds to close 

possible minor gaps between bottom plate and moulds. 

P• Size steel ladle over the trumpet and teem the liquid 

steel controlling the stopper during different 

stages of teeming. 

q. Allow 15 to 20 minutes for solidification of steel. 

r. Strip the ingot moulds and release stickers if any. 

s. Remove ingots from the bottom plate when sufficiently 

cold. 

t. Remover runners from the bottom of ingots. Dress 

the ingots if necessary prior to despatch to Rolling 

Mill for Rolling. 
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R£VIEW AND IDE:ti'IFICATION OP QUALITY PR08!£~·i!::> FOR 
INGOT r-:ouLD P?.CDUCTION' 

( 9 

The following major problems were faced while manufa­

cturing the ingot moulds. 

1) Proper chemical composition 

ii) Prope~ sand mix for moulding 

iii) 

iv) 

v) 

vi) 

vii) 

i) 

proper sand mix for core 

Core insert bar 

Proper core paint 

Core baking 

Aluminium core box. 

CHE.l-IIC.;L CO~·:PC5!TION : 

The following char;e mix was used in cupola. This 
gave metal of about 4 % equi~alent carbon and harness 

of 235 BHN. The chill test sh~hed 1/4• chill. 

Pig iron •••••••••••••••••••••••••••••• 
M.S.Scrap ••••••••••••••••••••••••••••• 

C.I.Scrap & foundry re~urn •••••••••••• 

Lime Stone •••••••••••••••••••••••••••• 

Coke •••••••••••••••••••••••••••••••••• 
1 kg. Fe-Mn & 1 kg. FeSi. 

100 kg. 

50 kg. 

150 kg. 

16 kg. 

45 kg. 

ii) SMID MIX FOR ~Otiw!NG : 

?-ir. N .G .Chakrabarty co-expert gave the following 

composition of mould sand which was found quite 

suitable. 

White sand 30 kg. 

Red Si:l.nd 20 kg. 

Bentonile 1.5 kg. 

Eentocoal 2 l'g. 

Watf;'r 2 litres 

contd •••••• 10 ••• 
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iii) 

The properties obtained from the above mix were : 

Hoisture 
Permeability 

5% 

86 % 

10 

Green compression strength ••••• 17.9 lbs/sq inch. 

CORE S,\.~:D }!IX : 

The following sand compo~ition was employed washed 

white sand ( 30 mush ) •••• 50 kgo 

Red sand ••••.••••••••••.•• 4 kg. 

Bentonite ••••••••••••••••• 2 kg. 

Liquid Dexil ( Foseco ) ••• o.s l!t. 

coconut oil •••••••••••A••• o.s li~. 
Molasses ••••••••••••··~··· o.s lit. 
Water ••••••••••••••••••••• 1 lit. 

The properties we.:re : 

Moisture •••••••••••• 3.8 3 

permeability •••••••• 90 
Green compression strength - 5 lbS/sq. inch. 

iv) CORE r::s::; ::t'l' 9l1..r'1 : 

v) 

At prese~t perforated steel tube 0£ 2" o. D. cove::ec 

with hes in rope is being used. This many ti."tles resi..:.l ts 

in core crac.~ing du=ir.g baking and s 1.lbsequent metal 
pouring d1.:.e -co high expansion. To over come t.~is 
problem a cast iron pipe is being cast and it will be 

used in subsequent cores. 

CC?.E P}.I~lT : 
Mr. Chakraoarty gave the following c.:ompo::)ition for 

making the paint ~nich was applied on the cores with 

the help of soft brush in the green stage. 

Natural Graphite 50 parts 

Electro Graphite 50 parts 

aentonite 10/12 parts 

Water - 30 parts 

To get viscosity no - 45 

contd •••••••• 11 •• 
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vii) 

i 

11 

After applying the core paint and trowelling smooth 
the core surface, the cores were baked at about 2so•c 
for 4 hrs. The cores withdrawn from the oven, were 

again painted and polished by trowelling graphitP. and 

were baked again for two hours. Natural grap.'1ite was 

not available, hence electro graphite was used. 

ALUMI Nil'M CORE BOX : -The major problem was the core box. CIFEL was advisecl 

during the author's last visit to prepare aluminiwn 

core Lox to get proper s~r~ight cores. The wooden 

core box does not retain its shape due to contact · 

with moisture. Mr. Chakrabarty also emphasized the 

importance of metal core box, Mr. Chakrabarty has 
given co~e box and core carrier drawings to CIFEL to 

prepare aluminium core box. 

The first ingot mould was cast on 6th December, 1982 

and after. machining it was brought to steel foun<iry 

on 23/12/1982. The first casting in t.~is mould was 

done on 31/12/82. The mould behaved alri~~t and 

stripping was smooth. 

Further details of ingot mould manuf actu=e will te 

given by Mr. H. G. Chakrabarty in his .ce:;iort.. 
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4. EXPM!SION A:,;o MODIFIC;\TIOH OF ?<ELTING BAY : 

During the last assignment of the author CIFEL was 

advised for the extension of melting bay to·wards 

Rolling Mill as this is the only possible way to 
get extra space for ingot manufacture with least 
cost. Only few columns and extension of crane gantry 

is required. 

CIFEL has atlast prepared a drawing and bill of 

materi?.ls for this extension on 27th December, 

1982 author along-with Mr. 1-l. G. Chakrabarty and 

Mr. Mota, Technical Director, CIFEL visited the 

steel stock yard of .1-:aputo to explore the aYaila­

bility of required steel s~ctions. All the sections 

were available and ~tr. Mota premised that he will 
arrange to requisition these immediately and start 

the fabrication work. 

CIFEL has been advised as how to utilise this 

additional space uncter the EOT crane. 

A lay out of .this area was prepared and explained 

to C!FEL. The aketch is enclosed. 

Mr- ussene Issufo Ibr~11.iO~I Director of Project 
planning informed t.1.at. one adaiticnal crane w.!.ll be 
installed in melting bay and ne·,, hoist asse:n.blies a.=e· 

being procurea for the existing cranes. One more 

crane is being procurea for the second moulaing bay 

and ~tores from one end of this bay will be shifted 

away to get extra space in this bay. 

As suggested earlier, the sugar rolls should be 
shifted to C~M foundry as these cause considerable 

disclocation in CI~£L operations. CIFEL does not 

have big enough EOl' cr~~es to tackle such heavy 

castings and road mobile crane is brought into the 

shop to tackle sugar rolls. The aislocation created 

by such Qctivitics would be felt more sevcrel:l once 

cont~ •••••••• 13 ••• ~. 
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regular steel ingot production starts. 

Once the sugar roll production is shifted away from 

CIFEL, the space thus available in melting bay could 

be effectively utilised by installing one more 

converter ::.tand and connecting the same wit.11 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 .t.11e arc furnace scrap charge 

and the present spring balance gives erratic readings 

resulting in variation in weights of metal from Arc 

Furnace. 1'. 5 ton plate form weigh !:>ridge is a must. 
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5. UPGRADI~G CF IABOK.!°>TORY FOR CEEi'.HCAL A:m.LYSIS : 

Olemical Laboratory is a big bottle neck at C!P£L for 

the quick and smooth production of steel. Me.ny 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. Irnrnedi~te remedial steps ure necessary 

witho1.lt whic.~ production cf quality steel would be 

difficult and the productivity of the shop will suffer 

very badly. 

r-. three pronged strategy should be followed depending 

upon the funds available and other constraints. 

i) INT'C:~SIVZ TR~INING OF CIF~L LA30RATORY ST.A.FF : 

ii) 

At least four chemists should be trained to t~~e care 

of the shifts. One chief chemist - c~m - laboratory 

incharge should be trained to account for ti."'le work 

carried out by shift chemists and to look after the 

laborator1 anc the require~ent of the consu.~able 

items. 

P ~OCU?.E:•iZXT OP ~3. C}~}!IC.:.:.s, GLASS 
.>.CCZS30?.IE.3 : 

- :J C':':-£E ? .. 

It is surprising to note that the analysis of Iron 
and S~eel for '?' is not carried out f~r last one 7ea= 

or so. There is no inventory planning and con~rol. 

The res~lt is, many a time vital che~icals a.::e not 

available. Planning and procurement of chemicals 

needs no emphasis. It should be done straight a~ay. 

iii) PROCU?...E~·:::::-."T OF S?Ai<.ES J..ND ADDr:'IC~.~.r... t:.:T.!IP:-rz::T : 

One spare carbon and Sulphur analyser should bo 

procured. one more chemical balance preferably 

single pantype would be required. Sp~re parts for 

the silicon analyser and one more silicon analyser 

would go a long way. 

contd ••••••• 1s ••••• 
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Le~-ds and Nort.~ rup of England manufactures lot of 

metallurgical analysis devices. One such device for the 

quick determination of •c• inircn and steel would immensely 

help the operation of cupola, converter and Arc Furnace. 

The teiliperatu~e recorder at CIF~L does not function properly. 

A stand-by set would be beneficial. 

An instant ~~o point com.~unication system c~tween 

laboratory and mel•.ing bay should be established to avoid 

unnecessary delay in reporting the analysis. 

5 a) ~~ETHCD OF CnE!'1ICAL ANALYSIS OF PHOSPHORUS ( VOLL~.E -
-TitIC ) 

Determination of •p• in iron. plain carbon steel and 

low chromium steel. 

SOLUTIO~r P...S\.:UI?.E.D : 

i) J\..Tmoni um ~:i t-.ro So J. yboate 

Dissolve 100 gram Ammonium r,~olybdate in 200 CC 

water and add 200 CC NH 11 0H. Mix 750 CC water a:id 
6 

500 cc H:·:o3 !.n a bottle. Cool below 20 •c when bot.h 

solutions are cold add Amonical Hol:;{bdate to t."ie H:.:o3 
solution a few CC at a time with continuous shakir~g 

to dissolve !1olytcic acid, wait for 30 minutes, t.~e:i. 

add very little ~~aunt about 5 milligram of Ar..moniu.u 

Ortho Phcsphate. ?ilter through ordinar1 filter 

paper and kee~ the solution in stoppered bottle. 

ii) Potassi'.Jr.t ':)er r-~~~canet S';)l:.;tion 

iii) 

5 % solution inhot water. 

Sodium Sul-ohite 

Dissolve acout 2.5 grarr.s. Salt in 100 cc water 

( Na..~o2 , Y~o 2 , Feso3 , Feso4 can also be used). 

iv) Dilute ~~:~ric Acid 

400 CC con. H.N03 in 1000 ml. distilled. water. 

· contd •••••• 16 •••••• 
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v) Amrr.onium ~~itrate Solution 

35 to 40 graills. salt in 100 CS water. 

vi) Standard Sodium Hydroxide Solution 

vii) 

Dissolve 13.4 grams. NaOH in distilled w~ter to 

make the volume of 2000 ml. 
Standardise the same against potassium Hydrogen 

Pathalate. 0. 7575 grams of Potassium Hydrogen Pathalate 
is equivalent to 25 ml. of N/6.74 NaOH. 

Hrdrochloric Acid Standard Solution 

Take 26 CC cone. HCL ( analar grade make up 

the volume upto 2000 ml. in distilled water. Titrate 

against the standard solution of NaOH and adjust the 

actual normality by additionof distilled water if 

required. 

viii) Potassi~~ Nitrate 
10 gra~s in 2 litres of water, to be used as 

wash solution. 

ix) Phenolothaline solution 

1 % in Methyle Alcohal. 

Transfer ~ gra.'11.s steel drillings in 500 ml. 

flask. Add 50 CC HN03 , heat gently to dissolve, 

remove the ~·7i trous fu."':les. Heat to boiling, make drop 

wise addition of PotassiU&~ ?e.rmanganet wait till stable 

brown ppt. is formed. Boil gently for two ~inutes and 

clear the solution by the addition of fe~ crops of 

Na2No 2 or Nafo3 • Continue boiling for two minutes. 

Remove from hot plate, cool near 1s•c add 35 cc ~r.~ 4No3 
and 35 cc.; of Arr.monium Moly.bdc.te and 3 drops of 1'.mmonia 

Solution, shake well allow to stana for a couple of 

minutes ( about 30 minutes ) filter through orc.inary 

pulp, wash the ppt. with o.s % l<N03 solution lL"ltil 

washed O .s % KN03 solution becomes acid free. Acidity 

can be checked with one drop of t-7/6.74 NaOH solution 

and one or two drop of Phenolpthaline soll.lticn as 

inaicatoro 

contd ••••• 11 ••••• 
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conical flask add 50 ml of KN0 3 solu~ion. Add measured 

excess of standard NaO~ solution shaking to dissolve the 

~-ellow ppt. Add 3 drops Phenolpht.'1allne indicator and 

Titr~te with standard HCL solution. 

% P = ( ml. of NaOH used - ml. of HCL used } x .01. 

For steels containing high er, dissolve the sample 

in 15 CC P..N0
3 

+ 25 CC HCL. After disoluticn and 20 cc HCL 

and evaporate to fumes for 10 minutes. Cool and acd 10 cc 
HN0

3 
200 cc water \·;hen the salt is dissolved filter and ccra-

plete the determination as aboveo 



6. :_,""!:I LISA':'I C ~i CF~i: FOUl-:DRY W!'l'::IN T:-tz PROJECT OF 

This £ou.."1C.ry has two nos. 5 H.T. each cupolas, one 

2 r-1.T. cupola and one 1 1/2 H.T. acid lined side 

blo\-m converter. This is a very old foundry and has 

an enormous pattern collection which indicates what 

a variety of castings was being made at one time. 

Ho..,.;ever, frcm the beginning foundry has never been 

used for mess production as that of CIFEL, inspite 

of bigger c2pacity cupolas. The acid lined side 

bJ.o\-m convert~r is lying idle for many years. The 

big cupolas are not run even once a week and when 

cupola operates, only few tonnes of castings are m2de 

\·;hich r:takes their operati0n very costly, especially 

in view of the imported coke. 

To L'Ttprove t.~e p=oductivity of this foundry 

the first step ~~uld be to in3tall mechanised way of 

charging-bud-.et elevator system - for the cupolas 

sim.:.lar to tl'le one at CI:c'EL and create extra storage 

and handling of cast iron scrap, steel scrap and coke. 

The nain shed housing t.~e foundry is diviC.ed 

in three pa=ts wit~ respect to the crane gw~try. 

Only a one third ;ortion of the shop a~ the centre 

is covered oy ZCT crane which ope=ates on an in~e;er.­

dent gantry supported by a new set of columns. This 

gantry is too low. '!'~:.:s "t.'-le cra~e :i.o.!.st is not mu=h. 

The location of ga.'1try needs a thro1.:gh review 
depending upon the use the shop is to ~e put to. 

During the informal discussion t.~e aut.~or 

had with :-1r. LuIS GO~·;SALZZ ~IRZCTOR Project Nation 

Corr.mission of Planning it was mentioried that 

Mo~ambique needs a lot of pipes for its agriculture 

sector and at present sorne of the requirement is 

being met by making steels pipes by bending the 

irn9ortcd steel plate welding it and gal.vanising it 

again with i.'T;ported Zin~. In this respect author 

sugge~tcd t.'.-iat installation of ceritrifugal cast iron 

spun pipe m<:lc!"line should be st~ciied o This type of 

m::ichinc can qlvc a rar:t;"c of pipe sizes. Moreover 

thr:: caot. iro:-! pipes havB life more than four tir:1cs 
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the life of steel pipes ar.d lot of Mozar:-.bique scr<1p 

could be utilised. 

Author suggested to Mr. Gonzalaz to look into 

this aspect ar.d if further details are needed the 

i'" .. uth.or would be glad to assist in t.."1is regard. 

Thus one way could be to install a centrifugal 

cast iron pipe casting machine at CFM to utilise this 

foundry for the manufacture of different sizes of pipes 

for agricultural needs. 

The other way could be to convert this found.ry 

into a steel melting shop for the production of steel 

ingots to feed the Rolling Mills at CIE'SL. 

Since already two cupolas of 5 ton capacity ead1 

are there, the matching twin stand side blo• . .;n converter 

with required ancilliaries such as ::OT cranes, steel 

ladles, tra.nster ladles. laboratory equipment, botton 

plates, ingot :noulds, and macher:isad c.'1arging s~·stem o:= 

cupolas could be i~stalled, an~ steel prod~ction of 

15,000 to 20,000 ton ~er annt.:..~ could be acnieved. 

At cr:e ti;;".e 1 it has been su:;;ested to CIFZ:.. to 

change ~~e ac:~ lining of the conve=ter to ~asic lini~; 

to control s~lphur and phosphorus in tha steel so 
produced. The author a.=:.er reviewing t!'"lis aspec~ fee·:s 

that the basic ope=ation practice at CIPEL does not e:<i.~ 

and basic lining is ve=y costly as cor;-:pared to acid 

lini~g. However, there is ano":l"'.er alternative ~nich 
could be easily e~ployed by CIFEL with least cost and 

ease of operation. This consist of 

1) Changing the cupola lining about one ~eter 

in length in the melting zone to basic. 

ii) ?·:~Y.ing t.~·:! basic slag in the cupola to 
control phos~~orus. 

l:'.dlcs •.ti th bo.:::ic 1L1 ing 2J.n(l r~r;-;o·.; ir.i:;: th~ 

--·-
' 
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sulphur by addition of soda ash. 

iv) Charging the low 'S' & 'P' iron into the 

existing acid lined converter to make the ..,. 
required low •s• and 'P' steel. 

The author is told by CIFEL th~t the coke at CIFEL 

is already 101·1 in • S • & 'P 1 • Thi.~ should help in 

making good steel and thus make it unnecessary to 

have basic lined converter. This aspect needs further 

study and e;cperimentation but the results would surely 

b0 rewarding .. 
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C I FE L 

PIT SIDE REPORT 

~····•••••••••HEAT NO ••••••••••••••• QUALITY 

TAP TIME ••••••••• TEEMING ST.f:._R.TED ••• . . . . . ••• TEEMING OVER ••••••• 

TEE~! Dt;RATION •••• •. • ••• . . . . . . . • • METAL T'SMPER.~TT.J?.E . ............ . 
CLEAN SHli'T DRIB LING 

.. 

STOPPER CONDITION ••••••••• 

FULL INGO'l'S CAST Nos. Av. Lan91h Av. Weight Total Weioht 

. . . . . . . . . . . . . . • • • . . . ... • • . .. . .... . .. . . . .. 
. . • • • • • • • • • • • . . . .. . ... . .. . .. 

SHORT INGOTS AND BUTTS • • . . . . . . • • • • • . . • • . .. . . . . . . .. 
PIPED INGOTS . . . . . . . . . . . . . . . . . • •• . .. . . . . . . ~ .. . .. 

TOTJ\L 
WEIGHT OF EO~:ES • • • • • • • • • . . . . . . . . . LAD~ NO ••••• • • . ... ••• 

WEIGHT OF SKULL • • • • • • . . . . • • . . . . • • IADI.E LIFE • • . . . •• • • . . 

MOULDS USED {.Nos) . . . . .................................. . .. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... 

MOULDS D ISc:ARED .............................................. 

• • • • • • • • • • • • • • • • • • • • • • • • 

SIGNi\TURES PIT SIDE SUPERVISOR. 
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