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Troiciime Colloque interrégional
aur 1~ sidérurgie

Ureuilia (Brésil), 14-21 octcbre 1973
Point 8 de l'ordre du jour

par
Alberto Pereira de Castro et Paulo Sergio C. Pereira da Silva
{Instituto de Pesquisas Tecnologicas)
(Brésil)

In prenant 1'IPT pour exemple, les auteurs de cetts communioation examinent la
controoution d'un institut de recherches techniques au progrés industriel d'un pays
er. vo.: de développement.

Dans la premidre partie de cette étude, les auteurs définissent le r8le d'un
centre de recherches industrielles; dans la deuxidme, ils font 1‘'historique de
1'Instituto de Pesquisas Tecnolcgicas de Sas Paule (IPT).

™ns la troisidme partie, ils déocrivent de manidre assez détaillée la collabo- |
ration que cet institut a apportée & trois branches de la métallurgie : l'industrie de
1a fonderie, la production des métaux non ferreux et l'industrie automobile.

Salon le secteur, 1'IPT a adopté des méthodes différentes pour 1tacquisition et
le 4-ansfert des comnaissances techniques nécessaires, 3'agissant de la fonderie,
len tcohniques ont été acquises essentiellement grice & des voyages d'études aux
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dtote-Unis et leur tranzfert o 4td acsurd .u meyen d'une instillition pilote congue,
conztruite et e:ploitée par 1'Institut., Pour 1'affinaze des métaw: non ferreux, il

a fallu trouver des sclutions originales .n raison des cond:tions propres au Brésil

et la diffusion des processu: =iz au neoint A 4t3 ausurde grice b Jes publicitions

et & l'agsistance technique ~e 1'IPT. aafing 1YIPT a Tait bénélicier les nouvelles
usines de construction d'automobile: e son ac:istunce technicue ot de ses laboratoires,
Cette collaboration a été renduc possible p.rce cue 1'Tustitut oveit déja de 1'expd-

rience en matidre d'analyse des Géfaillances technicues.

Infin, les auteurs décrivent bridvement 1z situation actuelle de 1'institut et
ils soulignent combien il importe que les imstituts de reciierches technigues puissent

concurrencer sur le plan des itraitements 1l'industrie dans le recrutoment de persomnel
hautement qualifié.
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The paper pruesents IPT as e case study of a
tochnological research institute's contribution to indug
trial development in a developing country.

The first and second parts revieuw, respectj
vely, the roles of an indusirial research institute and
the historical development of IPT,

In the third part, three cases of IPT collg
boration with the mefallurgical industrial sector are deg
cribed in some detail, i.e., collaboration with the foup
dry industry, noneferrous extractive industry, end automg
bile industry.

The mechanisms used by IPT for acquiring sé;g
petance and i{ranpfarrinvg Know-how in these Fields were 5i£
ferents In the foundry technology area know-how was absog
bed mainly by study trips to the USA ond transferred to the
industry by planning, cons*tructing, and operating a pilot
plant, For the non-ferrous sxtractive metallurgy, innovy
tive splutions had to bs tound due to the peculisrities
of our conditions and trassicrred by the publication of
papers and technical sssistance. Collaboration with the
automobile industry, in the form of technical assiatance
snd laboratory ~ support Lo the newly installed plants,
wab possible due to a previcusly developed competence in
the anelysis of service failures.

final romarks are made to illustratebriefly

bhg present situation of IPT and the importance that should
be given_ to the possibility of an institute ta competes,
in ter1s of saT¥YY, for highly qualified personnel.

.
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b. ROLESD OF AN pabbolRIAL RELEARE L i LTUTE

Ihe firob inducotrial institute Lo bo onobal
Jud in an inductrislly deve.oning orea, as uas the caug
of IT, has to spreac ity activilius on awiue variety of
the most diverce ueses and prablems, for the sake of SYS
tematication its activities could be ciassed intu three
groups: technicel activities, cultural activilies,and ip
tornal activities.

. Thi terhnical sctivities comprises

- Tesis and snalyses

- Supply of standard reference materials

- Supply of snecial tachnical instrumentation

« Research on specific problems

- Pilot piant experimentation and production

= Industrial metrology support

« Tachnicsl assistance and consulting

. The cultural activities compr=hend:

- Training programe for students and  youhy
technicians

- Courses of extension ond specialization
for people in industiry

- Qaaberatian.mith the technical asoonia-

tions
- ﬁﬂﬁ?grétlﬁﬁ with the standardization agqg
cies
’ « Technicel publicetions
' = Participalion In government technical z@gr

mittees and uauna&ls.
., Finally the main internal activities aret

« Trafning programgfor the staff mambers

- « In-house programs fur the adaptation of
foreign technolegy and research in select

ed fields,
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R lvaat in the cacty vours the dumand will
force Lhe institut: to develap an Jnorediole varioty of

tests and apalysee, The Feseare” and the ctachnizal assig

tance probloms con be poostrs cted to o narrouer  list of
sulected fields of ~ompet noe. The in<house programs should
be organizou in a menner to broaden tne (ieids of compg
tence for rescarch sng technical assicbancn, The choice
of these fiolgs or competente in proper relotion yith the
needs of the lor.} industry 1o 3 gocond must to the sug

cess of an (nyustrisl rasearch instrtute,

In 1PT the choice af th. fields of ca&ge%ua
ce has been in generul in accordance with the dovelopment
of the industrial activities, Uecauss of the importance
of the build.ng industry in g developing country, it star}
&8d very soon with cemont and cuncrete raeaarch, In the
cement industry, for instance, there vas tre proolem af
high magnesia, the limectun - in Hra0li has'nga tendency
for a higher magnesin content. The techniques for the ry
tional broporiioning ol conciuates ang the methods for the
choice of the Proper aggrogates were first developed in
Brazil by "PT. From there IPT oxpanded its fields of ry
search in building materials to heavy ceramics, tiles,
cement-asbestos mutorjals, light aggregates, atc. As an
outcrop of its creoceupation with varieas building matarisiag
IPT hae daveloped 3 carsmic Tesearch group which undere
. took the systematic study of Hrarilian clays, assisted in
tho development of the refractory materjals industry and
%& étwalwmnt OF white ceruric reodacte, it has also é'wg
loped many industrisnl uyses of Brazilian clays ag filtag

ing agents in chomical procassoes 0r as components in Pa




.
g
=
1
I
5
:

Pes nd ralasr LU LdLhTY a0 L Lbortlly e Al e
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wias o Nooe for mote elnber e and Dugeoar puliie ek

L
ke dams and roacs. 10 heo geveloped o tioad ot compabon
Ce 1ft 8Ll mechanins ano coeendations wnack latr dovere )
fied in road buliding, apulicd geclegy, rovk mechanie o,
E%t&fv

In Lhe petalivioiscal Caeid, IPY Jeve lauped

P

firet a capacity for the support of the matalusify indug
triea, hecause the area of 30 Paulo hau coode dnterost
in the wvorking of metals iuar it hed in axtractive melaj
lurgy. A Tield of compatence in motals structure end Dty
pertias based on a strong metallogrephic fuundotion wvac
firct developed; later an importent deva.opment wut nate
to help the foundry indystry end only afteryards, Obw.ay
ge of the demand from other arcas ol the couniry, dgid [P1
develop studiss an ore treetment and methods of metal ef
traction,

fxempias of upewific vontricutions made Ly
18T to the induetrial development in thege three areas of
competence will be described later,

In this diversificatien of fields of conog
tence, pne must guard sgoingt the dangst of spresding tun
thin the human resources aveilable, There is & sort of &
minimum size for the rosescch aroups below vhich it s
aimest imponsible to achieve a steady progress. 1PT hes sufleg
sd in many inctances the 111 effects of not follouwing this
principle.




A VELUOENY i ,PT

The biotor cal dovelopment of 1PT has been
descrited uuiure .n opublicetion: such as the IPT Boletim
n® Ja, by Engs. Jaho Luir Muller and francisco I. de Aray
jo Hilva, issued in Juns, 184 with Lhe 1:tle "Half @
century of Technolugy (1897-194U), More rocently Profeg
sor David Larne.to Jt. 10 o papet road at the 1Institute
of Latir American otudies, University of London, oOR the
24th of Februsty, 1970, under the title ¢t "The development
aof Technologival Vrogress 1o Brazil: a nase studyt 1PT's
role in adaplting, Lenrul'erY S, and creating technology"”
gumirosed [PT's historical development.

As warly as 1939, vhen no-one yet seemcd to
have been conscious of whal wes to happen to industry in
Breszil, Ary Torres, @ sistinguished Professor and leading
entreproneul, was ! roady soying!

“National industry neede to acquire in svery
one of its branches @ pesi iup compatible with consumers'
pequisement: and with the cxpectaiions of every Brazilisn
who wants to see the rountey ... capable of teckling with
{ts own technicians the intricate probleme generated by
sodern industry.® "ln Gur case" (he i1u referring to IPT)
“it is aecessary to cover iR 3 fuw years all sectors of
technology, anid to supply ouf gntrepreneurs, in a thorough
and efficienl way, with the techinical assistance they sy
need. " "No money is spent, though, which will bear be§
ter Fruits fer Orazil.,” This was stated in an introdug
tion to an anniyal paport. |

Nne o drweil's asriicr and most important
echools of enginesring, the tscola relitbonica de Sao Pay
lo, wae founded in iUSe, sponsoted by the State Goverp
ment and inat. ed by it That iz where 107 staz;ed.




From the cutset tne aims ¢! its a.iivitiee
were clearly stated as being to provide younger genera-
tions with the scientific and technical okilis necnssary
to guarantce damestic irdusiries so that they would  be
atle to produce what unti: then had been imported,

Over and abuve what had by that time alres
dy been achieved in local production of textiles, the ron
cern was tou establish a long-term policy of indus t;zall
sation, based initicliy on import-substitution and on an

awareness of the needs to train people with the nscessary
skills,

In 1899, the sams school, vhich was particy
larly concerned with the practical application of scien
tific knowledge, founded a testing laboratory for conse
truction meteriels. This laboratory started to function
in 1900, 1ts objectives were purely didactic. To give sty
dents the opportunity to carry out experiments on their
own end,therefore to measure by themselues the mechanical
and physicel properties of all sorts of engineering pro-
ducts. The school looked for assistance in turope, maip
ly 2Uri A Suitzérland, in Vienna,and in France.

Lg 19&4, 85 a result of the research work
ceﬁéustsd in this sector, the first handbook on physical
and mechanical properties of products used in construg
Linn was published. It was prepared largely with the cg
operation of atuésnts who parfarmed most of the tests rg
quiraﬂ. o ’

By 1966 the laboratory had installed with op
ly a f&g yeitf lag,garhapa only months, from its availg
bihtf in Peris, a horizontal microscope specially desigg_
ed for the analysjs of metals. That was one of the eg:l;
est steps in steel and metsl technology: metallugraphy,
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Untrl 1926 he i-boratory had teaching as
its main objuctive. out it ¢ 'so did work for the Govern
ment, for railroed cvompanies and Ffor local industries as
a by product. Some of tke lrading industr:ial entrepre-
heurs in the country had been to Colloge there and had
had their initial treining in this laboratory.

In 1925 a recently graduated enginesr, Ary
Torres, was sent to Zirich to leok at what was being done
there in the rfield, and on his return he was able to advi
se the State Government and the College (Escola Palitéce
nica) on the best procedures to be adopted in the wvay of
modernisation, This is an extremsly interesting roport
because it led tu the first important change in the polj
cy until then folloved,

It focussed on three puints. First, on the
need for more routine teste to be continued end expanded
to provide local industriss with the parameters that vere
characteristic of their rau materials, and associated with
this on the urge for Brazilian Stgndards baced on Brazj
lian conditions, i.e., natural resvurces endouments,

Secund, it emp avizod the need for resespch
to be dons for industry. It pointed out that because of
the size of local firms ihey could not meintain theis oun
laboratories so the State hed to provide them with the fa
cilities they might require.

Finally, it considered teaching. It is impog
tant to note the order in which these points were gmm%
ed, The importance of research,which no-one would deny
@nd which to this day is su much accentuated, uas recog
nised then, and, even more important, became an adopted pg
licy. Truining would be a conseuuence of the work perfog
med, thus introducing the idea of training in ssrvice
which is the policy of the institute up to this daey.




Rmong the sugrnestians presonted 1or the new
crganisation, some ¢ worth accentuct.ong. Rescarch should
be carried on witlh (Lo own fingnoso . rescuzcer and  with
the cooperation of lccal indusiries o1 other public or
private unstitutionc. Thio 14 very much unatl some Luropean
countries are successfully doing tuday - they are called

*

cooperative research projects. Ancther very important sug
gestion was made: tha:t the entire statf should have good
saleries and work full-time. Its Financial! sources were
the State Government, the Municipality of S3o Paulo, ths
railways and, for specific projects, local industries.

Until then®1925',the work had been biseed in
favour of, or exclusively devoted to, theconstructionip
dustry, but it was obvigus that this, as any other parti
cular industry, can be etudied in different degrees of
detail as regerds its inputs and its products. In the fop
mer case cement, steel, bricks, sand énd gravel, timber,
glaes, and paints had to be knoun,as well as its manufag
turing processes. In the latter the concern would be with
ways of designing bridges, foundations and buildings, and
paving roads. The research: actiyiti‘ag were oriented in
these new fields and directions., It goes without saying
that because of the nature of its work the Institute was
simultaneously taking care of the preparation of spacig
lised labour of the highest qualifications, L

Thanks to the speciel attention devoted to
tha manufecture of cement, to the quality of cement plants,
and to the uses of cement locally produced, the year 1926
represente an important benchmark in Hrazil's industrialj
sation: domestic production vas then started with 13,382
tons of output, growing steadily to 167,000 tons in 1931,
Today it is about 50 times the output in the first vyear
of production.
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The pioneer research in cement technology
was done in the U.5. in 19!) by Adems. It wus soon adopl
ed by IPT,and in 1927 one of its publications gpread its
technique and therefore its use throughout the country.

Work on these lines yent on until 1934 when
the Institute got ite prosent name of 1PT. It also turned
into an autarchy maintaining close links with the School
of Engineering. Research had been started on metals and
on timber besides concrete and cement. 1ts fields of sty
dy end rosearch were greatly enlarged. Research vas start
od in ssveral sress of Chemistry, in Metrology (uWeights
and Ressures), Building structures, Soil Mechanice snd
foundations, Industrial Standards, and the production of
high-quality plywood and propellers for light asroplanes
and even went into the design, prototype making, and tes}

‘ing of small gliders and planes. Starting in 1914, this

challenging field of aeronautics was heavily sponsored by
1PT from a technical angle and probably by the State of
s30 Psulo for Financial incentives. Ono company - Compg
nhis AReronautica Paulists (CAP) - was formed at this t}
me which drev heavily from 1PT's and Politécnica gradug
tes Por its staff. Several engineers went abroad for spy
cialisation courses in the field. Until 1947 the firm prg
duced sbout one thousand planes and then stoppsd produg
tion altogether.

Some years later the vork in the field ves
resumad by a new and sodern school of engineering 1in the
State of Sdo Paulo sntirely controlled end financed by
the Federal Government via the Ministey of Aetonautics.
Output of aseroplanes je being resumed with their assis-
tance.

Besides this very particular field of modarn
technology, IPT did pionoer vork in several others.




RBs early an 1340 ¢ Wed LIt reeearch gn
the tecnninues ¢ PTOCeing sGiable 0 l{cy. In the carly
yrars of the was g patent Huo TECaoioren o riontks on
the techniques Af MiXIng Cusbor Gid yith mineral sils Fop
use as Jubricent, This wos a resuit of rosoarch o ek con
ducted in IPT, Thg techninue was adapted und for tha dy
ration of the war of least ore arca an the Sta'e of S3o0
Paulo made exclusive use of castor oil ac 3 lubricant for
its motur vehicles, BT alsu did Pioneer work in Jdiffoe
rent specialised areas of metailuigy, Ferrousandnmn~?q£
rous alike. Research and also cemi-industrial production
in stainless csteels, focundry techniques, pouder metallup
9y, heal trocstment, yere conducted there, National demand
being teo small to justify an industrial piant of normal
8ize, the state spandnred industrial production and B8p
propriated corresponding technologies, It alao permitted
savings in stocks within those firms which needed those
inputs,

Its permanent asgistance Wwas vital for the
motor industry and al? sectors o different engineering
industries when they went into production in the country,
By its initiative the Braziiian 5tandard Association
(RBHT) vag formed and seversl individual tndustrial stan
dards were first drafted in IPT, 1t played @lsoa leading
rele in the creation of the Brazilian Hatais&ssuciati&n,
the Brazilian Steel Institute, the Brazilian Chemical Ag
sociation, the Brazilian Portland Cement hscociation,and
others

To esum up, IPT's main activities have been?

First, research in industrial problems at

large,

Second, training of technicians in ordinary
engineering undergraduate tourses, if specially provided
ctourses of intermediate level, and at graduate ievol,




Third, vho pruv.uion of toohittuad assistans=
ce Lo loval incustoios ard to technologoal pnntitutions
which were cturtod on other statos with the same purpose
as 107t Toohnooians Frer, onoral drazisian ctates and
firme and oiher countries in Latin america worked there
for varying periods, being trained in difreront indug
trial techniguos.

finally, it also turned into an important
gourve of entreprenaurial talent, many of 5%0 Paulo's leag
ing industrial leadars having done segveral months or years

of training in 1its lapuratories, aiter graduation oF aven
hefare.
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Fooiron nroduction on Brozil {0 19.0 1s
estimated 4. 79,000 Ly there were S50 (ron fuoundries in
the states of Minag -’;;x:ral::, Rio d2 Janeirgand Saa bauln,
hine of ubhicr used menunsl walding meachines and one prody
ced Ruropean mallesble irang the production of stesl cag
ts and nmon-ferrous reste vere respectively 15600t and 2100
t.

In the Materials Testing Section of BT, ce
veral samples of cuast iron and stesl Casts were exsmined
and the comparison of the results with foreign specificg
tions shouved clearly the deficiensy of these progucts and
the urgent need to improve the technical know-hou of the
8¢ foundries. In the cast iron foundries the ignnrance of
tne metaliurgg of the processes led to the production of
material with poor mechanical propertizss and with sevaral
foundry defeocts; the only criteriom was toobtain a"clean
irop™ in the general beliag that the more pig iron in the
charge, the "Cleaner" the wroduct, For the steel casts the
major probiems werc connecied to the molding materials
and heot treatment technologias,

The first effurts to improve the guality of the

;amdscts were made through the publication uf papers based on

foreign literature surveys, These effcrts, however ywoarelap
gely inefficient: it was difficult to convince foundry
men to follow the advices of the “theoreticians in white ]
veralls of.the LEM (Laboratery of Materials Testing)®, It
was concluded that adirect approach was neededs IPT should
produce, in pilof scale, cast iron, steel and non-ferrous
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casts to show the sdvantayes of a sound knowliedge of the
metallurgicel aspecis inuvoturd and of modern methods of

production and control.

In November 1Y3%7, an engineer from IPT was
sent for an eleven months trip to the bnited States tovi
sit the most advanced foundries and metallurgical laborg
tories in this country. On his return, @ project was sub
mited to the Estate futhorities to build in IPT an  "EX
perimental foundry", @& pilot plant equipod with 8 steel
electric furnace, 1 t capacity, a pDetroit-type furnace, a
cupola furnace, 7 t/h production, romplete equipment for
the preparation, testing, and recovary of molding sand,
molding machines, ovens for coreg and cleaning devices.

An implementation plan was prapared in three
stages: cast iron, cast stsel, and non-ferrous metale, ODus
to s delay in recaeiving the necessary funds, -the plant
was not instelled during 1939 as programmed. During this
yesr technical assistance was given tu industry with the
active participation of IPT enginears in the production
of high-resistance cast iron and introdustion of qualie-
ty control methods, in 1u&1, tho pudget allowed the teng
truction of the molding materials section, including a lg
borutory. A systomatic prugran was developed to study the
preparation, sharacterization, production, and recovery
af syntletic sand, praparation of core sand, and identifj
cation and development of local supplicrs of rau nate-
rvials.

in 1942, the Experimental Foundry was in full
production. Brazil's involvement in the Second World Uss
altered the program of vork which had to be adapted to an
almost industrial scope: importy were restricted, indug
try could not cope with an increasing demand, and seversl
casts with special production problems were 1eft to 1PT.
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Untii 1949 sevora! proviess were Lackicod and
the know-how develuped was made asoilable to industoy. To
give an idea of the contribution mado by the [xperimental

foundry we can mention the Frelivwing problems sludied:

a. Molding materials - prepsration and usc of syn
. thetic moulding gand; mowsture, aranulometry
and additives conurol; characlerization of
Clays; use of coin cil as a substitute for
linseed 0il in core sand; useof locelly prg

duced dextrine.

b. Production of cast pieces, steel and non-ferrous
materials:

(i) cast iron « corroeion-pesistant type Ni-Re-
sistant; wear-resistant type Ni = hards
with Cr for rolling-mill rolls; weer te
sistant with high Cr content; with Cr
for electricel and high-temperature ap-»
plicationsy chilled for high surface
hardness; with P for thin walls; high-a}
loy cast iron such as Ni=Cr and Ni=sCreMo
for rolling-mill rolls,

(ii) steel - low-carbon carburizing stesl; low-a}
loy steels; die tool steels 104y, 3% Cn,
0,5% V; free-cutting tcol steels type
1Be4«1; stainless stesl type 18-8, ‘

~ {dd) non=fercous metals - Alnico for  permanent
e magnets; Al alloys; bronze; Zn alloys.

{iy} special studies for the production of compg
nents difficult to mold or cast, such

* 883 piston rings for internal combustion

and diesel engines; heating elements for




- ]'x -

large fur.aces; molds and Jies for glasss
containers for hydrochiovic acid; small
rompanents for unldinng toarches, sand
PUMPG, centrifugal pumps, COmMPressours;
railuay connections; large molds for aip

plane tyres.

At the same time these ctnilime were develop
gd a larne eftoit Wub dodloated to trairing prugrams for
techniciens at all levels. rur the dvvelepment of ita own
gtaff tha Experimunial Fuwndry adopted two criterias (i)
teehnicians recruited shaild Rave no ure.fvi;:us oxperisitu
to wvoid tho influcnos nf bad proctices which prevailed
in industry at that time: (i1) leavning shoulg be accaof
pliched Win sesvive"; people were taught wy doing and nat
just by lcarning how it should ba done, As mentioned bg
fore, this second criterion has heen tne major guide~1ine
for staff éguelnpmém% in'ipT cvor sinne,

The rosulbis ubtained by the Experimontal
Foundry, #emonstreting the aovantages of modern methods
and equipmant:,'urra wuy factors in promoting the prg
gress of our founury industry. Several engineers and tech
piciansg) trained in 1P7, played a major role in moderni-
zation plans undeslaken by industry or in the alaboration
of projects esnd implementation plans for new foundries,
Apmong these it is warth ma}ntianing the neu maintenance
foundry of Companhia Siderdrgica Nacional (CSN) and that
of the steel foundry of Companhia Brasileira de Material
Forrovidrio (COBRASMA); the projects for both these neu
foundries wcre developed by American consulting firms with
technicians from IPT as advisers. The pre-project for
COBRASMA was developed by a group with 1PT techniciena as
majority. |




PRI T o S S S R A

*

*, Yoy '
3.2 Non-ro NN TIVIENY

L Lty

Enomaay inrtune o LR D A S T R S Y

tallurgy Rlant o b SR N T N S R T

tion processes due tg Prculioarit.es ol by Ores, tae gy
——-
mited size of depositeyor to igcal condibions syt oas g

e

vailability o¢* electrical Power, fluxes, fucl, ete, 1t je
than necessary to adept classical Processern

[

u tho peiy
liarities of the local conditions ar to develop now asig'
tions., IPT had to develop both adaptetions wad PLOavae
tions to contribute to the extractive metallurgy, in pag

ticular of lead, copper, and nickel.

An initial problem found when considering
laad and copper piants of limited Capacity, necessary due
to the small size of the deposite. is the ‘sxntering prg
cess. It is necessary to adopt & solution based an intag
rittent furnaces, requiring lower initial investment and
heving greater flexibility to receive charges of varying
composition in replascment of continous Duight-Lloyd g
chines, IPT planned, installed, snd operated from 193y tg
1942 a pilot plant for load and silver .n Apias  in  the
State of S3o Paulo, whicth producca approximately 300 t/
manth of refined lead. The experience acquired 2)iowed
IPT engineers to design, instal, snd operate the larnast
plant with intermitent Mace furnacaes in ftapeva, with 20
units and total capacity® of 250 t/day, The problems at
the quality of the sinter Produced and its rolaticn to
the operation of the furnaces and simple reductibility
tests uere solved,

Another basic problem in the operution of
shaft furnasees for the production of lead, tin, and copper
is the knowledge of the fluidity of slage. This 1s partj
cularly important in the production széﬂgﬁer)?tﬁm Euia




sinter, in order to maintain the tuaperature at a minimum
te avoid the simulbtanecus reduction of fe0. The studieas
mude at 1PT resullvd :n tho ruduction of Cuyu Lu preduces
copper with less than 0,59 fFe and 0,8% Cu in the slag, an
excellent result when voncidering the usual content of
iren in the copper ubtained by thic process, 1 to 3%, end
the logses in coppur, 3 to 67 in the clag.

The problems related tu lead oxtraction =g
tellurgy, imcluding the rocovery of silver, tackled by
{91 were particularly complex due to the high  impurity
‘content and variable composition of the ores to be prg
cessed, which came from mines in the Ribeira de lguape Vol
ley in the Stste of Sio Peuloj some of these ores hed high
As, b, and Ag contents and others had medium Ag and high
Cu contents. The several stages of the sxtraction and rg
fining process were studies and many original solutions
found, such ast

a. removal of copper from lead: the process dovelop
ed reduced $ onsumption from 2 to 0,2 ka/t -
sng produced o non-oxidized drosse, which
rould be treated tu produce & matte of high
Cu content, & speisu of high fe and lou Pb
contents, and Db of lou As and Cu contents,

b. rumoval of As, Su, anc S5n from leadt by the prg
cens developed, lesd with 4,3% As could be
scononically treated.

c. recever of Ag and In: the process daveloped to
concentrate the Parker crusts resulted in
the absence of oxides which would interfere
with subsequent processing, allowing several
innovations in the treatment of these crusts
to be successfully employed.
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The uroblems of Nickei axtrattiannwﬁallurgy

are mainly related lg the nature of the Brasilian  oresg

these are silicates gr low Ni ~untent and

impossible to
concentrate, The hydrometallurgical provegses depend
upon low-cost ammonia, uf.;.ic:h '8 incompatiple with the ig
cat‘icn of the mines; Pyro-metallurgical Processes based
on reduction at high temperatures in wulec

UL

tric furnaceg fe
sult in eppreciable reduction of iron, dissolution of car

bon, and reduction of silicon; the normal product is a ni
ckel pig iron with g maximum of 30% Ni, 2 to 3% and $j
which require a complex refining process, The studies de

veloped in IPT gave interesting results, such ass

a8, refining of nickel pig irgn in electric furnace
conteining 2% Si and 3% ¢ to Produce iron-ni
ckel of low € and §j contants,

b. direct production of ironenickel 'jith up to 74,6%
Ni and less than 0,14 C and 0,04% Si in eleg

tric Furnace by appropriate control of the
reduction riactions,

€+ Production of mattes from ores yjth 4% Co and 2% |
Ni, using the rosidue high in feSi of thsr
Processing of coal from Santa Catarina,

Before the installation of the automabijle ip
dustry in Brazil IpT hac¢ developed the capability of ser
vice failures 8nalysis based on a sound metallographic
foundation, Experience uas built up through the examing
tion of components brought by Ford, General Motors, and

the Technical Police, interested in investigating road ac




cidents; nformotion sbuout the Lehavior in service of
components such as axles, transmiusion systems, gears,
gprings, etc, unooer our canditinne was thus being accumy
lated in IPT.

In 1946, for the tirst time, an attempt was
made to produce locally asutomobile components with a cep
tain degroe of cancern for quality. Ford tried to produce
external shaft with SAL 1045 steel shallouw quencheds ex
periments were being conducted simulteneously in the UsA
in an effort to substituts alloy stecels by carbon stesls
properly treated to qive the right distribution of resj
dusl stresses in romponents submited to tending or top
cion. IPT participated in thisc effort in Brazil, helping
to plan the experiments, supurvising the gxgcutionend gf
ving laboratory support For the examination of the treaf
ad samples. After the initial dissppointing results, @ og
lution Y found using SAE 1046 steels and ad jus}
ing properly the heat-treatment conditions. This procedy
re is used to this day by Hraceixos in $30 Paulo for the
production of external shaf's for trucks.

The First tuo automobile industries to be
installed in Brazil wers Willys Overland of Brazil toprg
duce the Aero Willys and the Jeep, end vemag-Auto Unionto
produce the DKW,

Wiliys Overland requested IPT collaboration
as a laboratory and training center, Willys in the usA
had many suppliers with whom Willys do Brasil had no agreg
ments for know-how transfer and thus many problems were
found due to a lack of drawings and deteiled specifica-
tions. 1PT studied the fabrication procedures of many cof
ponents, mainly for thc steering and transmission systems,
The Hetallography Section received camples from diffaecent
American suppliers and developed an “intelligence® service




to establish their mechan cay g perclormarnoy characte

ristics Lhrougn a serlel o1 tootis LB oL impact, bengd

ing, tension, eic.; the Samples wore tnen sutmotied Lo @&
metallonraphidal CXaMineceion Lo detopmine tne Yubrication
process. Through this method it wa. pocsible to selsct

the best fabrication procedures in turmy of nuslity, rg
liability, and prica, and local production Was initiated

following these pro:edures,

By the time Willys was being installed in
Brezil it vaes very difficult to find people trained in
laboratory techniques. Practically every engineer snd tech
hician hired by Willys for its laboratory, technical ag
sistance to suppliers, or product engineering department
ves treined in IPT, in Programs directed to Uillys' nueds,
Very few general courses were givenj training was very
specific, acceomplished mainly in service, under IPT's sy
pervision and using its laboretocies whenever hecessary,

1PT also collaborated in ths dovelopment of
local suppliers, since, by that time, therc WETE very Feuw
industries rapable af preducing autumobile compounents with
acceptable quality from drawings and zpecifications. Fg
reign technical assistance could be used with limited sug
Cess due to the totelly different conditions prevailing
in Brazil. One interesting case to illustrate this
point was the design of foundry patterns for tne Willys
foundry, These were made in aluminum uith o hard deposj
tion of chromium and worked quite well in the Has, in
Brazil these natterng wore out very quickly., A study dg
veloped by IPT showed that this was raused by a differep
€e in the morphology of the sand particles uhich were ap
gular, instead of roundeu as in the Uca,

The colleboration with Vameqg was also in
three main arces: the laboretory, the product enginecg
ing department, and technical assistence to suppliers.

*




In waiy Lawv. ohe colisboration had to be
cven mute oxtensave than an the case of Willys. A ganeral
lack of detailed speusficaliuns was also felt but even in
the caccs w@iure these werc avuilable they refered to DIN
standatrds and hardly any material produced to these stan
dards could be found in Brazil by that time, It was then
necessary to develop a systematic study, component by cog
ponent, starting from the vital ones. Since guaranteemq
supply in small quantities was also a nroblem, it was ng
cessary to develop 5 or 6 possible deviations for each
steel composition cpecified and to study the caorrect hest
trratment and the mechanical propertics required to of
tain an eguivaieni or better performance for the locally
produced component,

Another problem that hud to be faced was
thet of re-designing tho sucpension system of tne DKY to
ohtsin acceptable perracmence under che poor conditions
of our ruads ‘and the common practic. of gvur-loading the
vehicle. This problem ued not solveg Ly foreigh technical
agsigstence and it wal neceuoary for 1P to re-design the
guspensioun sysiom pased on its previous experience of
failure analysis.

When Lhe others automobile manufacturers c3
e to S%o Paulo, like Ford, Genersl Motors, Volksuagen,
the general situation had changeds oualified suppliers
could be found and technical paople with exporience hired.
These manufacturcrs, however, used I1ET for laboratory sup
part and training. |

Suppliers could be found which could guaraf
tee a cortain level of gquality and uniformity in their
products, bul the new manufacturers had little knowledge
of the conditions in Brazil and were reluctant to sdopt
doviatians. IPT hao to collaborate with the suppliers to




y e R R
i R S i
TR R e s

helo them meet the mOTa ctringent Specifications and to
develop Proper produstion and rentrol precedures,

The technical assistance given to Vivar for
the production of Pistan rings, cylinder bore liners, end
other cast-iron compoﬁents is an example, The problem
of producing high-quality cast-iron pieces in Brazil wag
8ggravated by a lack of homogeneity in the F1g iron and,
in Consequence, a sound khowlaedge of the metallurgy of
cast iron was needed, The liners were made of  pearlitic
centrifugal-cast iron which demanceu a close control to
avoid the production of soft pieces or chilledanesuhﬁﬂu
in turn, would Becowe soft during heat treatment. In tha
case of piston rings, the main problem was the low elastj
city modulus obtainecd vhen a large volume of graphitizg
tion was parmited tﬁrough the use of a carbon equivalent
too high,

The collaboration with the automobile indug
try produced many indirect benefits, Studies wars undepe
teken Jshich were helptul te the large siael producars,
8uch a8 the infiuence of directionality in hot ~rolled
sheat steel for truck-frame side rails ang bumpers, devg
lopment of a test method to evaluate the fatique resige
tence of stub axles baged on impact resistance, proper
control procedures for cold-rolled deep-drawirig sheets,

Of lerge value tu the Brazilisn industry in
genaral vas also the paasibility to transfer thaaxacriqg
ce dciﬂld by IPT in the form of a close collavoration to
the Associeg@o Brasileira de Normas Técnicas in the davg
lopment of standards for alloy steels, malleable cast
iron, test methods, atc,




e LINGL REMARKS

IPT's evolution in more recent yoears has
been merhed by en increasing participation of industriel
contrects in its earned income., At the preusent time IPT
has 91 of these contracts with :ndustries f(rom soveral
sectors: Wood and Uood Froducts Industry, Metallurgical
Industry, Mechanical Industry, Naval Construction Indug
try, Ceremics Industry, Rubbar Industry, Civil Construg
tion Industry, etr, The svolution of IPT'c cerned incoms
in recent years reflects thig facts

- Tosts end  Industrial contracts
Yeay Earned Income  Analysis  and technical eesis~
- uss

% of esrnod tonce
incose % of sarned income

1969 333,200,00 60% 40%
1970 708.000,90 L34 S0%
1911 -+ $30,000,00 5% 554
1972 2,233,000,00 4y 60%
1973  3.340,000,00 30% 70%
(ostinm)

Since 1PT dowo nut act officially on behalfl
of the Government, and is not in charge of sny officisl
inspection activity, it has no caercive pover. Therefors
this incressing interaction with industry reflects the
acoeptability of its work and its value Tor the  induse
trial community.

The sbsolule increase in its sarned income
is also important. From the examples cited in Section 3
one can see that e constant in IPT's contribution has
been the supply of trained versonnel to industry. In meny




V-1i0ds this rteprssented a Problom to the Inglitube duo
to the largas turn-cve: and the cuntinuing necessity tu
train now ctaff, but, un general, it hod posit.ve conoge
quences to the industrial dovelopment. Houwever, a serious
problem may appear when this is a one-way flow process,

i.e., vhen the inastitute fs not eble to attract trained
people from industry to bring ncw ideas znd experiences,
thus suffering the ill effects of "in-breeding",

The partisl utilization of its wamed income
to compets, in terme of salsry, for highly qualified prg
fessionals is one way to incresse the institutdecapacity
to meintain its vitality and ective presence in the indug
trisl environment.







