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Abstract. The region of Joinville is characterized by the APL (Local Productive Arrangement) of the metal-mechanical
sector ,thus the development of metal-mechanical industry in Joinville is fundamental to the region growth. Bearing in
mind the environmental crisis, industries should evaluate their products and processes in order to adjust their
activities to the environment. The cutting fluids are an integral part of the manufacture of pieces, and they are used to
improve the efficiency and lifespan of the tools. The use of these products has been widely questioned from the
environmental point of view, because it could harm the operator's health and the environment. Therefore, they should
be well managed and arranged in a proper way to prevent hazards. Cutting fluids are considered as hazardous waste,
and the industries from that sector should add to their production processes one more step which would be the
disposal of used cutting fluid. The purpose of this study is to identify how the use and discard of cutting fluids are
done in the region of Joinville-SC. In order to accomplis that purpose, a theoretical approach was made, emphasizing
the cutting fluid, their preparation, maintenance and recycling, environmental impacts and legislation relevant to the
subject. It was also developed a qualitative research in 68 machining industries of the region, using questionnaire and
interviews as a tool for data collection. Besides, interviews were also carried out with suppliers of cutting fluids, the
municipal public organ which is responsible for inspection, and a specialized company that runs the collection,
treatment and disposal of the residues. The results indicate that most industries do not perform the correct allocation
of cutting fluid. Considering this, it is clearly necessary for industries to be aware of the issue and its implications.
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1. INTRODUCTION

Machining is one of the oldest processes for mass production used by man. The function of the cutting fluids is to
improve the machining process of metals to reduce the friction between the tool and the workpiece, for instance, in
order to provide a longer tool life as well as helping to cooling the workpiece.

With the development of machines and tools to reach more productivity, it is also necessary to keep doing research
on the quality of cutting fluids for a better use of cutting tool and for the protection of the workpiece. Also, they should
avoid health problems to the machine operators or damages to the environment. Santos and Sales (2007) state that
soluble oils degrade rapidly due to the bacterial action, which operates in the components of the fluids as well as in their
contaminating remains (debris, dirt, etc.), and due to the bad behavior of operators (for instance, spitting in the emulsion
and throwing cigarette butts over). Those actions contribute to the contamination of cutting fluids and can cause
damages to the operators’ health.

Ali (1998) says that most cases of skin illnesses in the metallurgic industry are the irritating dermatitis caused
mainly, by cutting oils (mineral oils). In the metallurgic industries, there is a very common clinical case named
Elaioconiosis, which affects the hair roots. The oil penetrates the hair roots and causes them obstruction, irritation and
inflammation, leading to the formation of small lesions which are similar to acnes. The panorama becomes critical due
to the high consumption of cutting fluids all over the world.

According to a research conducted by Glenn and Vananterpen (1998) it is consumed of 2.16 liters per year of
cutting fluids, including it used in operations of forming machines and others. Following the same perspective, Souza
(2008) comments that the productive processes are responsible for the environmental situation, as they cause the major
transformation of materials and energy. The high consumption of fluids brings a serious problem for discard. When
cutting fluid life ends, they lose their property and their recuperation or discard is a matter of planning. The whole part
could be sold or treated in the plant itself by means of filtering processes.

The solutions and emulsions, which do not have almost any commercial value, must be treated by physical-chemical
processes in order to break up and separate their components before they are reused or discarded. According to the
CONAMA Resolution 357/05, under proper conditions, “the used cutting fluids can be reprocessed to be reused or
discarded by simple techniques as deposition, composting, direct or indirect energetic utilization among others.”

Sreejith and Ngoi (2000) affirm that the lubricants and cooling fluids used for cutting represent up to 20% of
manufacturing costs.

Due to the high consumption of cutting fluids in the region of Joinville (SC), it is necessary to evaluate the use and
discard of cutting fluids as well as their impact on the environment. This research attempted to assess how the small and
medium size machining industries located in the region of Joinville perceive and treat the issue of use and discard of
cutting fluids, taking into consideration the products they use and the way they prepare and discard cutting fluids.

The methodology used to carry out this researchtheguali-quantitative method, characterize®as/eyMethod.

According to Lima (2004), th8urveyMethod is the one which better represent the features of a quantitative research.
Thus, the phenomenon is investigated through a field research, and data collection is conducted by means of
guestionnaires or formularies. The Survey Method is a suitable method for research when:



a) the questions “what?”, “why?”, “how"?, and “How nhicare to be answered, that is, and the focustefést is
on “what is happening” or “how and why it is happei,

b) there is no interest or it is impossible to conttependent and independent variables;

c) the natural environment is the best situation t@@ate the phenomenon;

d) the phenomenon occurs in the present or in an gzabt.

The following steps are taken when the Survey MetfBaused to carry out a research:

a) Definition of the objectives of the research

b) Definition of the population and the sample

c) Elaboration of the questionnaire

d) Data collection (in the field)

e) Data processing

f) Analysis of results

g) Presentation and publication of results

2. DEFINITION OF THE POPULATION AND THE SAMPLE

According to SINDIMEC-Sindicato Patronal das Indizst Mecanicas de Joinville e Regido (Mechanicdlistry
Union of Joinville and Region)(2008), which is aiganization of the mechanical industries of Jolevénd its region,
the number of transforming mechanical industriem@e than 500. Among them, there is a great nurab&woling
industries which are widely known by their heavydatments in technology, making Joinville the mpate of the
transforming mechanical industry sector.

The lack of the populations’ availability and irget about the use and discard of cutting fluidshi region of
Joinville, reduced the population of this resedoch data bank already known and followed by thba@s.

Thus, the population of this research was fromREEX (Projeto de Extensdo Industrial Exportadohadustrial
Development and Export Expansion Project) data bahich consists of 250 micro and small companiedoinville
and its region that take part of the metal-mechamdustry segment. The data presented in the teestithe field
researches are limited to the information giverth®yindustries that took part in this research, @wedr anonymity is
granted.

All the participant industries have machines whisle cutting fluids and they were visited by anrvitaver of the
PEIEX Program. The participant industries did naténany system to treat effluents at the time efitterviews. Thus,
specialized companies were hired to execute treadisprocess. 250 questionnaires were sent ande68 answered,
thus the sampling size was lower than the recometkrmoportional population. Therefore, the restiiat were
obtained from the 68 questionnaires can not be asedatistical reference about Joinville anddtion. However, the
results show the reality of the participant indigstand can be an alert concerning the disregarthéouse and discard
of cutting fluids in Joinville and its region. Thesults also show a serious scenario which postseat to the
environment.

In order to verify the reliability of the answeis the questionnaires, interviews were carried dath three cutting
fluid supplying companies, with a company whichhieed to execute the discard process, and with BEINA —
Fundacédo Municipal do Meio Ambiente (an organizatiesponsible for environmental issues in Joinyille

2.1.Elaboration of the questionnaires

Gil (1995) states that the basic difference betweegnestionnaire and an interview is that in theetahe questions
are asked orally to participants, who also ansWwwemt orally, while the questionnaire is a technig@iénvestigation
composed of written questions. The questionnaichrigue was chosen for this research due to thewfvig
advantages: it can reach a great number of paatitip even if they are far from the interviewehas a lower cost, and
it allows the participants to answer at the mogable time for them.

The following issues were addressed in the semagstred questionnaire used in this research:

a) Type of cutting fluid used by the industries

b) Quantity of cutting fluid which is purchased momnthl

c) Description of the manufacturer of the product

d) Percentage of dilution

e) How the preparation of the cutting fluid is made

f) Criteria of charge

g) Destiny of the used fluid

h) Quantity of discarded fluid

If the questionnaires had not been returned, amii@w with the person responsible for the areadstudied in

this research would have been conducted by teleptigrant data collection. Alves-Mazzotti and Getlsznajder

(2002) state that an interview allows to explore thsues more deeply due to its interactive aspext, such

deepness is rarely reached when other methodssack Thus, it is possible to go deeper into aspeddt in the

revision of literature by conducting interviews.



3. DISCUSSION AND RESULTS

As already mentioned, 68 questionnaires were arslvdhe questionnaires aimed at constructing algrof the
consumption of cutting fluids, taking into considion their use and discard by the participant stdes. The several
types of cutting fluids used by the participant ustties were identified as they are primary infaoiiora for the
treatment and discard processes, that is, thentegatand discard processes are determined by pleeofycutting fluid
used by the industries.

“Fig. 1” represents the distribution in percentajehe types of cutting fluids. Straight oil is dsby 15% of the
participant industries. Most industries follow tinends detected by Glenn and Vananterpen (1998)ihey use cutting
fluids which are soluble in water (66%). It canrmiced that synthetic cutting fluids are favaraéthough they do not
have good lubrication. Among the industries whisle goluble fluids, 56% have a preference for tleeafssynthetic
cutting fluids.

15%

Olntegral

B Do not know

O Synthetic soluble

O Synthetic emulsion

15%
85%

Figure 1. Types of used cutting fluid

A problem raised in this research is that 19% efgihrticipant industries answered that they areaoquainted with
the type of cutting fluid they use. Another problenthe lack of knowledge by the users. When theyevasked what
product they used, several participants informednizime of the manufacturer or the representatstead of informing
the name of the product. For instance, some paaiits answered they used Germénia cutting fluidyeker
“Germéania” is the retailer. Therefore, it is po$sito conclude that the people responsible for rnmiwagp cooling and
lubrication processes are not concerned aboutrtdupt used in those processes.

Considering that the responses were not enougk tnhblyzed, new interviews were carried out withitidustries
and with their main suppliers. Thus, it was posstiol verify that 34% used products made by Castnainly Syntilo
9902, 24% used products made by Fuchs, mainly EGQIC®IH100, and 42% are not loyal to a given brand or
manufacturers as Petronas, Yushiro, Micro-quineta,

In relation to the quantity of cutting fluids actpd per month, it was noticed that most industbhieg quantities
lower than 20 liters. Such information is preseritedrig.2” and is related to the size of the intties, that is, most
participant industries are small size companies.
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Figure 2. Acquisition of cutting fluids per indugper month — Soluble

“Fig. 3" shows the results about the preparatiod ditution of soluble cutting fluids. The resultedicate a high
variation and also a lack of knowledge on the mtibdilution used by the participant industriebeTsuppliers of the
two most consumed products for cutting fluids reomnd ratios of 1:20 and 1:40 for the first dilutichmong the
participant industries, 28% of them use the recontded ratio of dilution, 25% use different ratiod&8% of them
are not acquainted with the ratio of dilution these. This fact might occur because the suppliedinical assistance
prepares the solution and controls the process.ederythe users are expected to be concerned godiated with the
products being used in the processes in their tngasleast.

Number of Companies

1:1 1:5 1:9 1:10 1:20 1:30 1:40 Do not
know

Ratio of cutting fluid dilution

Figure 3. Ratios of dilution of cutting fluids



The criteria of dilution used by the participanturstries are adopted at random. Some of them fatewsuppliers’
instructions; others follow what is indicated ore throduct package; and others use criteria basetheonvorkers’
experience mainly. The literature also indicatearety of dilution ratios. Baradie (1997) statkatta ratio dilution can
be from 1:5 to 1:100, Dick e Foltz (1997) mentaratio from 1:10 to 1:50, and Trent (2000) recands from 1:10
to 1:60. The lack of a parameter of dilution casuikin product waste or in its low process effig.

The way of preparation is not clear as well. Ttaustries were asked about to preparation of cufting solution.
Their answers were classified in 5 groups as shiowrig. 4. In the first group are those who usefioit and then
water. The second group is those whose use wiadeiahd then oil. The third group uses an autansystem. The
fourth group represents those who have the dilyti@pared by their suppliers, and the fifth grosmét acquainted
with the way of preparation. Besides, 11.86% ofgghgicipant industries indicated more than one wafgyreparation.

Don not know, 16%

First water and then oil, 27%

Authomatic System, 19%

By the supplier, 6%

First oil and then water, 32%

Figure 4. Ways of preparation of cutting fluids

The University of Northern lowa (2003) developebdamdbook on cutting fluids, and they mention that ¢orrect
way of preparing the emulsion is by adding the eom@ted product to the water. Many industries méed a low
performance of the fluid and a waste of the conatet] product due to the incorrect mixture. In orgereach the
adequate performance of the cutting fluid, the watel the concentrated product should always bg well mixed in
a container out of the reservoir, following thetiastions of the manufacturer thus ensuring a goodure for a great
performance of the fluid. Although mixing the contrated product and the water straight in the resers a fast and
easy process, it also results in an incompletejegaate mixture which is harmful to the fluid perf@ance. It is
important to follow the correct order of the itertigjs using water first and adding the concentrpteduct afterwards.

According to Runge and Duarte (1990), it's impottsn discuss the fluids handling methods with thpiers.
Such strategy is fundamental to avoid inconvenigrioe both the supplier and the consumer in terfreutiing fluids
application, such as:

a) workers with dirty clothes and hands

b) workers with dirty habits

¢) Inadequate equipments

d) inefficient direction of fluid flow

e) reuse of incompatible fluids

f) irregular concentration (poor mixture)

g) irregular addition of biocides

h) quality and quantity of water

i) inverted mixture (water in the oil)

j) inefficient mixture shaking

k) lack of or inadequate control and records.

When the above items are not observed, there rbiglsbntamination of the cutting fluids and thusghér incidence
of bacteria.



3.1. Cutting fluids discard and criteria of change

Concerning the discard and criteria of change eflusutting fluids, as presented in “Fig 5”, theutes show that
22% of the participant industries use chemicalsislas criteria of change, although they did nfarim which type of
analysis is done. Another criteria used is timeisd, thus 21% of the participants industries infrthey change the
cutting fluid using that criteria, however the tifitame mentioned by them varied from every fiftekys to a year.
That fact shows a total lack of knowledge aboutdbeect criteria for the discard and change oficgtfluids. Some
participants industries (27,5%) use empirical forassthe operator's experience, appearance of the f do the
change or they change when the fluid is dirty. ldegr, 29,5% of the participant industries, thatngst of them,
pointed out that they only do replaced
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Figure 5. Criteria of change

Baradie (1996) says that when a company does eplkaat only, the following incorrect practices aeveloped:

a) contact of cutting fluids with lubricant oils oféghmachine components

b) sedimentation of debris and other impurities atitbgom of the system

c) accumulation of oil dregs on the walls of the syste

d) bomb do not work properly

e) lack of aeration

f) inefficient process of the system clean

g) Replaced of cutting fluids in systems infected bygteria

h) lack of efficiency of the cutting fluid

Therefore, replacing cutting fluid only is not remmended. As already mentioned, every cutting fhag a life
time, and it is influenced by the type of maintecean

According to Silva (2000), when the life time exgsr the cutting fluids lose their properties argirthecuperation
or discard is a matter of planning. Integral cuftfiuid can be sold or treated in the company fitseblutions and
emulsions, which have almost no commercial valbheukl be treated by using physical-chemical prosesthat their
components be broken up and separated. Only tlegnwihl be reused and reprocessed according toetipglations, by
means of simple techniques as deposition, compndinect or indirect energetic utilization amorters, as already
cited.

“Fig. 6” presents the distribution and destiny aftng fluids, thus 63% of the participant industriinformed that
the discard is done by the companies which treattiiting fluid, 29% reported that they are notumigted with the
kind of distribution and destiny of cutting fluidsnd 8% said that they do the discard at random.
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Figure 6. Destiny of cutting fluids

In order to validate the data obtained from thestjoanaires, suppliers and companies that collettiedesidues for
treatment were interviewed. The interview with tmempany that treats cutting fluids in the regioroinville showed
that only 24% of the industries which reported tiety send cutting fluids for treatment and coltattdo that in fact.
As results, it is possible to affirm that 76% ofting fluids are discarded at random. Another rafevfact identified in
the interviews was the difference of quantity ohgeted residues which do not match with the regodilution, that
is, an incorrect dilution is likely to exist anddan cause irreparable hazards to the environrawch impact on the
environment happens due to de lack of knowledghéynetal-mechanic industry segment about waysitbihg fluids
treatment, lack of knowledge about the legal ingdlans as well as lack of entrepreneurial commitmen

The separation process is simple and most treasn@atbased on the separation of oil and watephlygical or
chemical means. The more soluble in water the &iddi&care, the more difficult the separation ang tileatment will
be. The fluid will remain aqueous even after tleatment and it will generate an effluent with hajfemical demand
on oxygen as well as biochemical demand of oxygéuich is inadequate for discard.

There are some factors that could contribute ta¢dection of that number, as for instance, losgeutting fluids
during machining due to evaporation and contadh wibrkpiece. Besides, the acquired fluid could beduto keep the
concentration of work, and the cutting fluids ased for about six month. However, those factordccoot sharply
reduce the quantity of generated residues as itstated in the interviews. Thus, it is possibleagsume that the
industries omitted the real quantity of generatail$.

The high cost of treatment is one of the reasonstiv companies do not properly discard their tessd which can
pose risks to the correct destiny of residues.gPites the discard cost per liter varies accordmguantity and distance
for collection, ranging from R$ 0,80 to R$ 1,00 piar.

The environmental procedures are regulated by lad/ eontrolled by several environmental organizatias
IBAMA, the Brazilian Institute for environmental sges, which is linked to the Federal GovernmenBuoizil;
FATMA, which is an environmental foundation and lisked to the Government of Santa Catarina Statel a
FUNDEMA, which is also an environmental foundatamd rules the city of Joinville.

Some emails were sent to FUNDEMA and a visit waslen&UNDEMA issue the environmental certificate for
companies in Joinville. FUNDEMA informed that theyaluate every item ruled by legislation underrtlairibution,
for instance noise, solid residues, soot, partickesl effluents. However, they do not have techrstaf, tools and
facilities to fiscalize this particular issue aggly as it deserves.

The lack of supervision, allied to high costs otticlg fluids treatment and the lack of consciersioess and
knowledge about preparation and maintenance oflflily users of the metal-mechanic segment showtad to
negligence towards the environment.

4. CONCLUSIONS



The data and information which were obtained f@s g#tudy demonstrate the relevance of the issuriséed here
as well as the importance to create mechanismshforcontrol of cutting fluids in the participantdunstries from
Joinville. The environmental rules and regulati@ame clear, however the organs responsible for wedcution are
neither acquainted with them nor have suitablemgants or laboratories to analyze and monitorridestry activities.

During the interview with FUNDEMA, it was suggestidput forward a motion to make a specific muratigw
about the use and discard of cutting fluids inrégion of Joinville to improve the control of suasidue.

It was noticed a lack of commitment with the enmim@ent due to ignorance about the issue or econmtgests
that can lead to serious environmental problemstdlee inappropriate use and discard of cuttinglfl by the metal-
mechanic industries in the region of Joinville.

The results of this study are relevant and can $ed dfor analysis by the entrepreneurs and by tlogetyo
concerning the situation of cutting fluids use aigtard in the region of Joinville. The theme is@es and should be
discussed in order to find solutions to the proldeaised here so that the impact of inadequatenguttiids use and
discard on the environment may be mitigated or ealaninated. The data of this study were obtairmeenfthe whole
chain, formed by suppliers, users and the compariiésh are responsible for the final treatment dadtiny of cutting
fluids, and all of them are equally responsibletf@ solutions since they themselves and theirli@snare the ones to
be reached by every threat or care towards the@mmient.
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