GREENER AND SAFER RESIN CLEANING SOLVENT:

A SURFBOARD MANUFACTURING PROCESS

RUTTANACHOTE KULAKOOL

A THESISSUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENTSFOR
THE DEGREE OF MASTER OF SCIENCE
(INDUSTRIAL ECOLOGY AND ENVIRONMENT)
FACULTY OF GRADUATE STUDIES
MAHIDOL UNIVERSITY
2007

COPYRIGHT OF MAHIDOL UNIVERSITY



Fac. of Grad. Studies, Mahidol Univ. Thesis/v

v o o w A Ag a A o . a 4
@]'J’Vﬂﬁ%EﬂEJﬁTI/iiTJES{NLﬁ%u’ml]uﬂﬁi@]@ﬁ'\iLL’Jﬂé)@ﬂJLlﬁ$ﬂaﬂﬂﬂﬂ . ﬂﬁ%“]J'JuﬂﬁNﬁﬁﬂﬁ%ﬂ?ngl}ﬂﬁu

(GREENER AND SAFER RESIN CLEANING SOLVENT: A SURFBOARD
MANUFACTURING PROCESS)

Faulwd naiga 4837985 ENIE/M
M. (HNAINIATMNT TULAZ FAIAADN)

AUZNTTUMIAILANAINGIINUT : AnFwar Aannily, Ph.D. (HUMAN GEOGRAPHY). §1n31 om2

janave, Ph.D. (ENVIRONMENTAL ENGINEERING), JAEY EAL JEUNG, Ph.D.
(ENVIRONMENTAL AND OCCUPATIONAL HEALTH)

UNANYe
o o a y A a Y o o o o v o
dmiunszuaumsedanszamldnay  ozdlaugnldhiudnihazaevdndmivinnuazera
A o v AW A a = Jd a o A a A =\
n3eMIAdNONTIFUIa INARAmMBTITFY  00n1NgUnIaltazT99INNTEVIUMTIATOUAD 1HBIDINT
[ T <3 = = 4 =} A a =
s liuns 19 lsAmuezdTauiinnw ) ldguiesniniiganyliigamngii -18 °C (0 °F) luwywdesd
A I v v v =\ 1 1 4 = A g
TauenunsamiuTemamadulsawrnuld Tasmsdudaivezd Iausdaeiiioninos s launiuilou
:; A £ = o dy A a A o a o 9
T 013 wSeoma Fesdlauansamaieiia@eusnaiin tazszaemeaaziaterivngald
a . . . J A
UBNNBLE Inuuad N-methylpyrrolidone #58 NMP uag Dibasic esters w50 DBE Wumsiniinly
Y v Y
dmSvdrssulugaavnssunaraaniaiulondy  smeiinsaesinnu uazmsszvedn  daiu
aw d’l =\ T ~ a v o ;’,’ 4 o v o A [ I a 1
Nuadeiegaananenazlsduaiagaenian  ieaadenaihazatenlasafoaziiluiinae
Funadeudmsuldlunszurumsdrausdu

9
@

v A L A o dy a a @
teiAnannam lumsdsziuail ﬂ?illﬁﬂ\iwaﬁ}WHﬁ\iLl’JﬂgﬂM, ﬂﬁﬂi%LNUﬂ’ﬂi\lﬂuﬁﬁﬂ,
9

a

Tuad

A a a Y a o Ao Yy A Y A '
Use@nFnmmsdn wazmsunsiznaIumsty Tagddiamstaainasiuaanaaeuae masliznou
A130UN3G3¥me vi3e Volatile Organic Compounds (VOCs), Aneamnlunmsiiililandeu v3e Globa

Warming Potential (GWP), uazdnenimlumsiiatelelsu w5e Ozone Depletion Potential (ODP)

b4
@

fxialumsysziiuanudunsiene A1seAUves the U.S. National Fire Protection Association (NFPA),
MEnIIMITEme wazaszauanuiunIa-an damulszansnmmdnisnnalesisudmsmiag
Sumnmanaass dmsumsinneidumady mldseisiiuiunn misemand misa uaz
Tueyanelszdil aszuaumsvesmsdsuiiuldszuumsl¥azuuu ManzuuwAY 100 Azuuu udag
nannuRNAzANdINaL 25 Az uasﬁaﬁmzmﬂﬁ'lé’f%’uﬂz!,!,uuqaqmmﬂuamﬂﬁﬁﬁﬁw
wdwinmsiszdiumud DBE 185uasuuy 73 azuuy Tuvasdi exdlau uay NMP 185y
AZI 65 1Ay 63 AzLULAE IR feiil DBE Sufludhazaelumsdusduiidaoasoazduiiasde
?Numé’auﬁlq&mﬁm%”mm?%’ﬂﬁy adalsiamlunszuumswaaiuanaaiuidesmsdiiazaiei
uangaful) uennnianITeifuus i AN AT Hyrofluoroethers (HFEs) iazaai
avane3w wiedhazaenaufuih uamﬁuﬁa%’iﬂﬂluudaw5ﬂmm<fﬁ1ﬁa“lﬁ"lﬁ’ﬁaﬁmzmﬂﬁﬁ‘ﬁq&l

67 M




Fac. of Grad. Studies, Mahidol Univ. Thesis/ iv

GREENER AND SAFER RESIN CLEANING SOLVENT: A SURFBOARD
MANUFACTURING PROCESS

RUTTANACHOTE KULAKOOL 4837985 ENIE/M
M.Sc. (INDUSTRIAL ECOLOGY AND ENVIRONMENT)

THESIS ADVISORS: SITTIPONG DILOKWANICH, Ph.D. (HUMAN
GEOGRAPHY), ACHARA USSAWARUJIKULCHAI, Ph.D. (ENVIRONMENTAL
ENGINEERING), JAEYEAL JEUNG, Ph.D. (ENVIRONMENTAL AND
OCCUPATIONAL HEALTH)

ABSTRACT

For a surfboard manufacturing process, acetone is used mainly as solvent for
cleaning or removing epoxy and polyester resin off tools and brushes from the
laminating processes as it is inexpensive. However, it is extremely flammable with a
flash point of -18 °C (0 °F). In human, acetone can elevate diabetes. Exposure to
exogenous acetone can be chronic due to acetone contamination of water, food, or the
air. It can, however, damage the mucosa of the mouth and can irritate and damage
skin. Apart from acetone, N-methylpyrrolidone (NMP) and dibasic esters (DBEs) are
commercial chemicals used for cleaning resin in the fiberglass reinforced plastic
(FRP) industry. They have low flammability and low volatility. Therefore, this
research aims to evaluate three solvents in order to select a greener and safer resin
cleaning process.

In this research, the environmental performance, hazard assessment, cleaning
efficiency and financia analysis are the evaluation criteria. The environmental
performance parameters consist of Volatile Organic Compounds (VOCs), Global
Warming Potential (GWP), and Ozone Depletion Potential (ODP). The hazard
assessment indicators cover the U.S. National Fire Protection Association (NFPA)
rating, evaporation rate and pH. The cleaning efficiency is determined by percentage
of resin removal from testing. For financia analysis, the costs are chemical
purchasing, waste disposal, and permission fee. The evauation process of each
criterion is a scoring system. From the total of 100 points, environmental performance,
hazard assessment, cleaning efficiency and financial analysis are given 25 points each.
The best solvent would be the highest score.

After the evaluation, DBE gained 73 points while acetone and NMP got 65 and
63 points respectively. Clearly, DBE is the best choice as a greener and safer resin
cleaning solvent. However, it is important to notify that different production process
may need adissimilar solvent. In addition, this research recommends Hyrofluoroethers
(HFES) and the co-solvents or aqueous blends for further study with the addition of
different parametersin each criterion in order to find the right substitution solvent.
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