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Executive Summary

Project Title: Feasibility Study on the Minimization and Recovery of VOC Emission

Principal Investigator:
Asst.Prof.Dr. Wittaya Teppaitoon
Assistant Professor
Chemical Engineering Department
King Mongkut's University of Technology Thonbur
91 Prachautit Road, Bangmod, Toong Kru, Bangkok 10140
Tel. (02)427-0242 Fax. (02)428-3534 . ¥ -

Problem & Rationale:

Volatile Organic Compounds (VOCs) are emitted in various industries throughout
Thaitand ranging from plastic manufacturing companies to gasoline tank farms. Vapor
recovery could result in cost savings to the companies as well as be beneficial to the
environment. In the case of tank farms and gasoline operators, there are also governmz;;nt
regulations to enforce the installation of a vapor recaovery system.

There has been numerous researches done in the area of VOC emission recovery.
From a survey of the literature, the most promising methods seem to be adsorption. Activated
carbon which can provide a 95+% recovery efficiency is used as an adsorbent to adsorb VOC
vapor. Therefore, this work will explore the possible way of minimizing and recovery of VOC
€missioin by using an adsorption system from high capacity solvent-loading factories and/or

gasolineg tank farms.

Objectives:

1. To identify several target solvents, based on consumption, emission and cost, and
the corresponding manufacturers/users of these products in Thailand.

2. To study the feasibility of minimization and recovery of VOC emission for the
identified target solvents.

3. To determine a suitable design and/or methodology for minimization and recovery of
each target solvent.

4.  Toincrease the environmental awareness of local solvent companies on the issue of

VOC emission.



5. To prepare & full proposal for the minimization and recovery of VOC emission and

the construction of a prototype/demonstration unit.

Methodology:
1. Identification of several patential solvents for VOC emission recovery;
2. Further Eterature search; '

interview with the appropriate industrial companies/personnel to determine a list of

w

target solvents (at least two companies);
Feasibility study for each target solvent (including laboratory analyses);
Preliminary design for each target solvent and factory combination;

Economic evaluation;

N e s

Full proposal preparation for the minimizing and recovery of VOCs emission and the

construction of a prototype/demonstration.

Conclusion:

This feasibility study emphasizes on the recavery of VOC emission from the coating
industry, which consumes a large amount of sclvent each year. The solvents which are widely
used in this industry are toluene, methyl ethyl ketone and cyclohexanone. The technology
selected to recover these solvents is adsorption by activated carbon,

Two factories participated in fhis study: factories A and B. For factory A, the total
solvent usage in the coating process is 145.2 tons/year or £.15 million baht/year, while factory
B is 415.5 tons/year or 14.06 million baht/vear {based on 2 printing machines). From the
economic evaluation, it seems that it is feasible for these two factories to invest in a VOC
recovery system. Based on 85 percent recovery, factory A can recovered 123 tons of solvents
per year aor 4,37 million baht per year. The investment cost for this factory is approximately
4.36 million baht. The Internal Rate of Return {IRR) is 66.56 percent and the payback perjod is
1.5 years. For factory B, 353.2 tons of solvents per year can be recovered or 13.03 million
baht per year. The investment cost for this factery is approximately 7.6 million baht. The
Internal Rate of Return (IRR} is 101.78 percent and the payback period is 11.7 months.

The problems encountered in this study were: the industries’ information were not up-
to-date and there was not much data about the survey of chemical usage in industries.
Moreover, the investment cost of a recovery system is not attractive and the legistation for

controling the emission of VOCs does not cover all types of VOCs. Therefore, the authorized



agency should take more responsibility and pay closer attention to the use of various VOCs in
different industries and try to encourage these industries to comply with the law. At the same
time, the authorized agency should offer assistance, perhaps in the form of soft loans and/or
environmental tax credits, so that more local solvent companies would be willing to practice

the minimization and recovery of VOC emission.
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Abstract

This feasibility study emphasizes on the recovery of VOC emission from the coating
industry, which consumes a large amount of solvent each year. The solvents which are widely
used in this industry are toluene, methyl ethy! ketone and cyclohexanone. The technology
selected to recover these solvents is adsorption by activated carbon,

Two factories ;garticipated in this study: factories A and B. For factory A, the total
solvent usage in the coating process is 145.2 tonsfyear or 5.15 million bantfyear, while factory
B is 415.5 tonsfyear or 14.06 million baht/year (based on 2 printing machines). From the
economic evaluation, it seems that it is feasible for these two factories to invest in a VOC
recovery system. Based on 85 percent recovery, factory A can recovered 123 tons of solvents
per year or 4.37 million baht per year. The investment cost for this factory is approximately
4.36 million baht. The Intemal Rate of Return (IRR} is 66.56 percent and the payback period is
1.5 years. For factory B, 353.2 tons of solvents per year can be recovered or 13.03 million
baht per yeaﬁ The investment cost for this factory is approximately 7.6 milion baht. The
Internal Rate of Return (IRR) is 101.78 percent and the payback period is 11.7 months.

The problems encountered in this stud): were: the industries’ information were not up-
to-date and there was not much data about the survey of chemical usage in industries,
Moreover, the investment cost of a recovery system is not attractive and the legislation for
controlling the emission of VOCs does not cover all types of VOCs. Therefore, the authorized
agency should take more responsibility and pay closer attention to the use of various VOCs in
different industries and try to encourage these industries to comply with the law. At the same
time, the authorized agency should offer assistance, perhaps in the form of soft loans and/or
environmental tax credits, so that more local solvent usage companies would be willing to

practice the minimization and recovery of VOC emission.
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density of cyclohexanone vapor {pure)

density of butyl acetate vapor {pure)

density of solvent vapor {mixed)

evaporation rate of toluene

evaporation rate of MEK
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mole fraction-of solvent in gas

density of solvent in gas

mass flow rate of solventin gas

gas volumetric flow rate

retention ratio of solvent adsorbed on activated carbon
heel factor of solvent on adsorber

cycle time of operation
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Faqildindey (Coatings) wimweiinresiinazaneld 2 1ia  Ae Miufusminezans
(Waterborne Coatings) wasldansduritdiduimiazans (Soiventborne Coatings) FeasiAdauaIULR
Anrasiagfadluwiuflsnne  Taofidousnendu  SanfinlSAafldu (Fim-Forming Materials)
waadinleged Plasticizer) # wazdininazaty SaginaliisREuRETumAnldun Fnend (Epoxies)
acAIAN (Acrylics) Waaalsaifueu (Fluorocarbons) TwRleawmaf (Polyesters) ¢y (Urethanes) 1w
wailn (Polyamides) wanafnlomefilditu laeanss wsam (Diocty! Phthalate) lRseiida waaws
(Tricresyl Phosphate) Aiaumaf aaud (Castor Oil) Favinavanuarsduvseild 1w iuefa aifa vite U
wad mamnud (Minerat Sporits W98 Rubber Solvent) T“nq%u (Toluene! LB LANTD AlAu (Methyl Ethyl
Ketone, MEK) t9@u (Xylene) Talelnsia uaansaad (Isopropyl Alcohol) wnsnuas (Methanol) 1ansn
ud4a (Ethanof) 1lusiu

Bunusarnaraneiiluanasiilssnmedian 30 wWesiufeafnas Faiieaaussaon
Tumswaeuind e luudaavilivihasanayszun 70-85 wefduslnefnes doun1nadeuiild
favnararatanndd 30 wefdud azFunduiluniseieuildresdage
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- > a ) P | w
ngA ﬂ]:f']ﬂ’n“l.ﬂuhlﬂ‘lﬂ'll’ﬂd ATAALAZNITINUNAUAUATAUNTUNTSIMENIENG 1828 ﬂé'l.l‘ﬁ'ﬂ"m']ﬂ

asNA 2.1 adEnisUseneunisdnndunse
18073 Divlsynevnng
2539 2540 2541 2542
Ui #a9a@n Lt

dniuduliznaunis () 743 868 793 837 46 843
fruoudurznaunirrulugy 27 29 27 35 6 41
(unm41 10,000 surall)

AuuaiaiRntuR e (1iin) 135 139 130 39 132
FundngaunRTe {ﬁ'l’uﬁifaﬁ_) 963,795 | 1,400,756 | 1,068,747 | 1,211,757 322,341 1,534,098

ﬁm D NIEVNINYRAATIUNTTH 2542 [3]
waneg :  msdtzneunas = nisdidiuesnisdeeanansiadl
AT 2.2 ingdunsafinirdsznauniegagn 10 Susu 1 w.e. 2539-2542
TFeaswe AL / U300 (5w
2539 2540 2541 2542
Acetic Acid 10 - - -
23,403
Acrylonitrite 7 8 4 7
37,951 60,335 79,054 82,186
Ammonia Anhydrous 5 2 1 i
55,094 139,882 143,028 209,659
Asbestos-Chrysotile 2 3 a8 5
141,593 136,648 58,032 100,161
Benzene - 6 5 3
80,754 76,229 163,005
Methanol 8 5 3 2
33,755 82,677 109,310 178,461
Methyl Methacrylate - - - 9
. 62,628
o-Phosphoric Acid 9 9 7 8
25,522 56,893 69,430 65,759
Sodium Hydroxide 6 7 g 10
39,357 78,252 30,858 52,715
Styrene Monomer 1 4 6 G
181,282 82,667 72,667 86,415
Toluene 4 10 2 4
58,602 48 446 115,625 160,014
Vinyl Chloride Monomer 3 1 10 -
129,267 188,083 30,739

¥i|n

NHLLUR) :

NIENTNERATUNTTR 2542 [3]

nssznaunt = maddnuaznisdeaanansiall
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FUATIE4TN VOCs WAZNIANMSERTINNTTZLNY VOCs

24  n1s@199RamsINIgIELNE VOCs

NINATLANNARY NIENININEAIRAT walylafiua=Rauanden [1] WiAnwmadfnlpguda
yaunanufinnafuneiniausslssiunansznudenmnmeanialuaanamwininuasuasiuoma
284 Tl w.A. 2540 Teefasonanusaeaniiauafs 3 Ursom Wdun unsenndamnizumas (dun 15
yrdmand 3 Fadulsenuiiiiesdnadous 50 use wheamu 50 mdull weniulreuidned
damdaieliauseulunszunumsdn) uvdoidimedeud (WFud mauﬁmmm’lm\;‘m‘%‘ﬂwuﬁﬁmﬂ
sopudauedniAiasuiAes  sonufunBy uer Todntenutud) ustumaeiasdan (Wun fiag
prdy serihmniuludamds vamenm uaznmsidnazyatiat) mn&uﬁﬁﬁagaﬁmq W
Tiarmiuazivun Emission Factor fidlumsudnmmsssntansuaie wud1 5221 wlefidusiaes
NI37ELNE VOCs fnémj,m?mn'mmmnﬂ'mmuu: 39.75 wafdufnannaomuiidaaazyades 5.22
wefdusnanivnend 221 wefdwinananiiuimadends 0.45 wefduanannlziugs
aWnITd bas 0.16 wefdumnanneanineiu wansiaglli 2.1 Jwenmosz@eamefninugain
2197 2.3 gy gi.l‘ﬁ 2.2
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|
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2540
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e 2.4 Auulnawdiwanid 2 luaengamwaviuatwaz Bunmsiidyviuaiunainie 1

W.A/. 2540
F9Im RIUAUTTINU (UK)
Tsarudamandi 3 Tty
NARENIEINTA
NPWMNHNTIUAT 7,557 1,984
aynslsnng 4,524 1,856
IV 834 376
Uyugll 1,405 661
ANNTATAT 2,297 953
upTlgy 1,670 721
HaugnaunTIN 655 463
M 18,287 7,014

=
1 nelsseemains sy 1]

anmsdmaresnsuALpmaiylue S A mAma s e Rmanaediudu 30
Ugas uarldmuuuaauonsiedy 7,014 19 HlrRuRsLLLLALLD NG LN Raas 6.44 Trsewiide
Bnfewas 93.56 Agnuszifiudammstsunouafnlag’d Emission Factor MTuAYSRIINITIZLY VOCs
Ml nmsdsniuiaiagteandiannilusiy

uanant FaRanruminnsidamnssuiasnaisainisaugaamnemdas 4
Emission Factor wudn nafinenilévantstsaiiugmmmeszuns voCs andinnnmsliiniudemas
(Fuel Qil) BT taTuRea tufe freertuend Aanlud Aailinndounsan uesin dedely
AraLAAN VOCs fawla il vOCs Salumaarinidaannsasnazaredailldiunnlugaamnssusine &

HUAIAIRA IRAISRI N1 U1 VOCs Fisannnnrdszifivinaziesndraoiuituats

aoTuAusdenine Wanmn s Taninaznnsdanig voCs Tudszmalne [16] iifetl w.a,
2540 TnenliumugRaunITNE s HAR LA INEN (Manufacture of Rubber Products) gRA1MNITH
WaaHAn (Manufacture of Plastic Products) @;mmunﬁuuﬁm‘iﬂm%ugagm (lron and Steel Basic
Industries) em@aunssnalaus  (Non-ferrous Metal Basic  Industries) qmmuﬂﬁmﬁﬁﬁmﬂw:
(Manufacture of Fabricated Metal Products) ’qmﬂ’mm‘i‘maﬁlLﬂ?’aﬁnﬂaﬂzmﬁimﬂ@ (Manufacture of
Machinery) ﬂqmmunifmNﬁmﬂéﬂ\ﬂﬂﬂﬁ’luﬂ:qﬂﬂ?:ﬁ (Manufacture of Electrical Machinery, Apparatus,

Appliances and Supplies) WATEARUNITHNARLIUWIMUSUALRUNIO] S8 aNTTaRENURIMUZ IR
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FUATIBRIN VOCS URTNTIEITIAERTINTITELINE VOGS

gunsal (Manufacture of Transport Equipment) ‘fas?mtﬁ"qluﬁﬁuﬂﬁﬁ'mmm usz usnilAugra NIy
Vaszna ann13dnsas 476 Ts3a0m 410 1,506 Taem wudndl 165 T wide 35 wefiludvadlzaaudl
drmaiinisld vOCs uenanii medmanfeiiddnmafinimeld vocs 18asna 5 1lin Wun las
ARalIavEAU (Trichlorosthylene) iwamaalseniau (Perchioroethylene) 1,1,1-lasmaalsBiou (1,1,1-
Trichloroethane)  1,2-laanalsdisu (1,2-Dichlorosthane) uar wWwsauaaelsdl (Methylene Chloride)

i uandanisi 2.5

ATNA 25 Baunsld vOCs 5 ailalugaaunssusing

dszinnanamngsy 330 VOCs T (ArsAaty)
TCE ~CE MC DIC CH

HAATMNTINENUALHAR TUAINENg 21.00 30.00 30.00 0.00 90.00
ARRMNITUNANARN 275.53 0.75 0.00 | 117.50 | 337.42
aagmnTusARTanzuyag 298.00 0.00 | 20.00 0.10 | 2005
pnenwnasnelans 120.00 0.00 1.50 0.00 0.00
HRAMNITHNAR T lavy 371.70 20.00 30.00 17.00 | 77.80
gRamNssEARIFaaRnaIAzIATRING | 15.00 0.00 31.00 10.00 40.00
gransnLdnniasldiniiauez | 100750 | 034 4400 | 419.00 | 1180.40
insnd

QRATYNITNNARBIUNIUZ AR | 165.83 | 4000 | 6605 | 000 | 80.85
aunsod

FAH 2,564.6 91.10 22260 563.60 | 1,826.50

Fan - aonAwandeing [16]

HHIELA : TCE = Trichloroethylene, PCE = Perchloroethylene,
MD = 1,1,1-Trichlorcethane, DIC = 1,2—Dichloroethan‘e.
CH = Methylene Chioride

aueinausuuazidudaeden  neznsninemans malulad ussRunadey THd RN
vOCs Tuanie [9] Taevianisdimaninialuiles (ngawmwamiuas) luasgagmnisy (Gaugramngsy
wuawe) Well WA, 2542 lumedrseaiilininisdnfinnm voCs TuaniAduou 23 oila waraeng

Avraunaennidluiias uazluarenaiuniy uandluniseil 2.6 uar 2.7 Auasy
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ﬂ'\‘i‘ﬁm:f’lﬂ']'ﬁ“Lﬁu1ﬂm1lﬂ~3ﬂ'lTﬂﬂLlﬂ:ﬂ'l?'.ﬁl_lrlﬂ‘...lﬁuﬂ’ﬁ‘ﬂu‘ﬂ?ﬂﬂ?-mﬂd']ﬂﬂqmlﬁﬂﬂ'ﬂﬂé‘ui‘?iﬂﬂﬂﬂ

m1refl 2.6 masesnnamadaliunu vocs luesemnawnsta il w.a. 2542

afinras VOCs Ay (Inlasniuregnunafung, ug/m’)
TeaGeu SamnTu Ind uajuwia | Ind u vdnd ERTIVAN ndlrauanfing
HIUATHA 17 sm.

T T T T T T L
o

[ ol - - > - | oA
AT T |ATM 2 | AT T | ATIN 2 | ATIN T | AN 2 | AT

x|

P o - oo
AT T | AT 2 [ ATV 1 | ATIN 2

=
o}
2
=
[hS]

Benzene 2.4 ND 1.8 ND 18 2 12 3.6 3.7 2.2 32 36
1,2-Dichloroethane ND ND ND ND ND ND ND ND ND ND ND ND
Trichlarogthene ND ND ND ND ND ND ND ND ND ND ND ND
1.2-Dichloropropane ND nND ND ND ND ND ND ND ND ND ND ND
Cis,1,3-Dichloropropene ND ND ND ND ND ND ND ND ND ND NG ND
Toluene ND 1.9 ND 21 23 8.3 8.8 34 3.8 ND 29 4.8

Trans-1,3-Dichloropropene ND ND ND ND ND ND ND ND ND ND ND ND

1.1,2-Trichloroethane ND ND ND ND 58 34 7.8 42 ND ND ND 1.2
Tetrachlicrogthene ND ND ND ND ND ND ND ND ND ND ND ND
1,2-Bibromomethanz ND ND VND ND ND ND ND ND ND ND ND ND
Chlorobenzene ND ND ND 1.3 ND 16 N 1.3 ND 2.9 ND ND
Ethylbenzene ND NG ND ND 4.2 ND KR ND ND ND ND ND
1,4+1,3-Xylene ND 2.6 5.4 1.8 11 10 14 2.8 8.2 26 ND 58
1,2-Xylena ND ND ND 12 4 4.3 7.9 ND 6.1 ND ND 36
Styrene ND ND ND ND ND ND ND ND ND ND ND ND
1,1.2 2-Tetrachlcroethane 4.8 33 1.7 19 12 18 1 6.8 5.8 ND ND MND
1,3,5-Trimethylbenzene ND ND ND ND 7.8 3.2 NG ND ND ND ND 38
1,2, 4-Trimethylbenzene ND ND NO ND ND NOD ND ND ND ND ND ND
1,2-Dichtorobenzens ND ND ND ND ND ND ND ND ND ND ND ND
1.3-Dichlorabenzens ND ND ND ND ND N ND ND ND ND ND ND

1,2.4-Trichlorobenzene ND ND ND N-D ND ND ND ND ND ND ND ND

Hexachioro-1,3-Butadiene ND ND ND ND ND ND ND ND ND ND ND ND

AN AunausHuasAdaAaandan [9]

o

VNELUA ND - ldanuisadeFuncsle
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SunEN VOCs AN IATIRERTINNITZLING YOCs

ATWN 2.7 nataansAtasmiEan VOCs Tumsdles Tull w.a. 2542

sfiAed VOCs anudiniiu (lasnfusagmuiadiumg, pg/m’)
awulnBkaz | AIEVININEN Uszenin AUUA I TYIMY
wndmanden | anfmalulad
uasAaunmden

pRall 1 | PRaR2 | Afalt 1 | ARa 2 | ARaR 1 | AR 2 | ARAR1 | ATaR2 | ARaR 1 | AR 2
Benzene 36 1.5 61 29 157 197 60 25 10 85
t.2-Dichloroethane NO ND ND ND ND ND ND ND ND ND
Trichloroethene ND ND ND ND ND ND ND ND ND ND
1,2-Dichloropropane ND ND ND ND ND ND ND ND ND ND
Cis.1,3-Dichloropropene ND ND ND ND ND ND . ND ND ND ND
Toluene i1 9.3 535 B15 1,947 2,164 1,347 2,344 75 60
Trans-1,3-Dichloropropens ND ND ND ND ND ND ND ND ND ND
1.1,2-Trichloroethane ND ND ND ND ND ND ND ND ND ND
Tetrachloroethene ND ND ND ND ND ND ND ND ND ND
1 2-Dibromomethane ND ND ND NG ND ND ND ND ND ND
Chlorobenzene ND ND ND ND' ND ND ND ND ND ND
Ethylbenzene ND 2.2 122 41 210 257 128 251 28 12
1,4+1,3-Xylene 49 8.5 547 172 830 1,041 555 1,024 3 46
1,2-Xyiene 26 6.8 451 129 746 888 445 852 25 38
Styrene ND ND ND NI NG ND ND ND ND ND
1,1,2,2-Tetrachloroethane ND ND ND NG ND ND ND ND ND ND
1,3,5-Trimethyibenzene ND 1.6 55 21 105 112 62 108 8.2 0.6
1.2,4-Trimethylbenzene ND ND 94 28 209 206 120 27 6.9 5
1,2-Dichlorobenzene ND ND ND ND a6 88 ND ND ND ND
1.3-Dichlorobenzene ND ND ND ND NC ND ND ND ND ND
1,2,4-Trichlorobenzene ND ND ND ND ND ND MND ND ND ND
ﬁexachloro-1 3-Butadiene ND NO ND ND ND ND ND ND ND ND

an - Auddneumueyddednaden (9]

VIGCITTR ND - bianunsndmiiunnsls
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A19190 2.7

HATRINITRIIVTALITHAE VOCs Tutwsiiias Tull w.e. 2542 (sia)

[ «famaavocs

A dindiu (lulasnfuregnunadiuas, pg/md)

VIR AU a7 TIATUM amia Tranenuna

Fomnfinn fufd aqansod
ﬂ?\ﬂ.’ll 1 ﬂ%d'l‘ﬂdl 2 ﬂ;ﬂﬁl 1 ﬂ%\!‘ﬁ' ﬂ%d':’; 1 ﬂ%\l‘ﬁ 2 ﬂ%\lﬁ ﬂg‘v"]l 2 ﬂ%\lﬁl 1 ﬂ?\?ﬁ‘ 2
Benzena " 15 25 70 15 15 53 15 39 23
1,2-Dichloroethane O ND ND ND ND ND ND ND ND ND ND
Trichiorcethene ND ND ND ND ND ND ND ND ND ND
1,2-Dichloropropans ND ND ND ND ND ND ND ND ND NO
Cis,1,3-Dichloropropene ND ND ND ND ND NG ND ND ND ND
Toluene 101 174 447 861 86 186 14 27 269 147
Trans-1,3-Richloroprooens ND ND ND ND ND ND ND ND ND ND
1,1,2-Trichloroethane ND ND ND ND ND N ND ND ND ND
Tetrachlaroethere ND ND NG ND ND ND NC ND ND ND
1,2-Dibromemethane ND ND N ND ND ND ND ND ND ND
Chlorobenzene ND ND ND ND ND ND ND ND ND ND
Ethylbenzene 9.5 15 52 101 11 34 3 6.8 29 27
1,4+1,3-Xylene 29 47 218 407 18 84 4.1 8.4 278 120
1,2-Xyleng 23 40 184 321 16 3.7 2.9 38 211 93
Styreng Nf) NE ND - ND ND ND ND ND ND ND
1.1.2.2-Tetrachloroethane ND ND ND ND ND ND ND ND ND ND
1.3.9-Trimethylbenzena 7.3 9.7 25 43 NG 14 ND ND 16 16
1,2, 4-Trimethylbenzens ND ND 10 17 ND 8.8 N ND 34 5.1
1.2-Dichiorobenzene ND ND ND NG ND ND ND ND ND ND
1,3-Dichlorobenzene ND ND ND ND ND ND ND ND NG ND
1,2,4-Trichloropenzens ND ND ND ND ND ND ND ND ND ND
Hexachloro-1 3-Butadiens | ND ND ND ND ND ND ND ND ND ND
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Benzene 24 16.2 138 i) 24 24 8.8 14 a7 61 24 27
1.2-Dichloroethane ND ND ND ND ND ND ND ND ND ND ND ND
Trichloroethene ND ND ND ND ND ND ND ND ND ND ND ND
1,2-Dichloropropane ND ND ND ND ND ND ND ND ND ND NG ND
Cis,1,3-Dichloropropene ND ND ND ND ND ND ND ND ND ND ND ND
Toluene 167 92 3,444 | 2683 299 580 122 169 543 1,493 299 474
Trans-1,3-Dichloropropene ND ND ND ND ND ND ND ND ND N ND ND
1.1,2-Trchleroethane ND ND ND ND ND ND ND ND ND ND ND ND
Tetrachloroethene ND ND ND ND ND ND ND ND ND ND ND ND
1,2-Dibromomethane ND ND ND ND ND ND ND ND ND ND ND NOD
Chiorohenzene ND ND ND ND ND ND ND WD ND ND ND ND
Ethylbenzene 21 14.5 344 253 30 27 ND 15 57 160 7.7 3
1.4+1,3-Xylene 38 17 1630 | 1173 113 93 41 47 243 761 ND 110
1,2-Xylene 35 12 1,350 § 1,048 | 92 75 3 38 198 605 ND 15
Styrene ND ND ND ND ND ND ND ND N[ ND ND ND
1.1,2,2-Tetrachloroethane ND ND ND ND ND ND ND MD ND ND ND ND
1,3,5-Trimethylbenzene 27 7.4 118 129 12 14 10 96 39 ND 17 ND
1,2 4-Trimethylbenzene 4.6 ND 243 282 4.2 3 5 1.3 145 73 3.5 15
1,2-Dichlorobenzene ND ND 104 ND ND ND ND ND ND ND ND 4.8
1,3-Dichlorobenzene ND ND ND NI ND NO ND NO ND 147 ND ND
1.2,4-Trichlorcbenzene ND ND ‘ NG ND ND ND ND ND ND ND ND ND
Hexachloro-1,3-8utadiena ND ND ND ND N ND ND ND ND ND ND ND
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WANAMSLOUNAVAY VOCs

31 weliansinunauAn VOCs

a o v A ol g o W med o i =%
wmailanafiunduaurlitulaeialull 3 3 Ae megadu (Adsorption) niTgAnaw
(Absorption) uar NALLUL  (Condensation) nhfidenldwmelialetuiusidUssnaunans

Uszang |Wu nanmeiieswiluriale atsaiialaffieaniniundudy AnvsENIEA99981T

¥ ]
-]

drr@ninmaasnndiunduauiseas dedmuaresaoud Juamudmiunisissustasile
gunsl warszuusne)  Anlddnalunnssndiung (Operating Cost)  a1gnisldauaasssun

sy

3.1.1  n1saadL (Adsorption)

ArTLANMTALNAUANATAUNTERTEMea e nedE Adsorption A ldlaennsenuinnan

winlulu Packed Column fiansgadu (Adsorbent) ansauvTdnsiasnsuenanNIAINANTHAN
avgngaduegmatunidny meluermadu fadiharsduidasirududuinnng fatunsn
gruaneamnld asfigngaiueyluansgeduFand Adsorbate nrzuAunIgadLReadedld
ki NIRAFUNNIEBN W (Physical Adsorption %38 Physisorption) Wax n1sgaduniaAil
(Chemical Adsorption ¥38 Chemisorption)

dialuiananed Adsorbate dndafuRuBatas Adsorbent ua:n.mmgiuuﬁuﬁo'fmaﬁ“lzjﬁ
IRGRIIGH ﬂmngmitﬁf‘:ﬁaﬂdw nsgadunenIsnIn nrruaunsfananseaiinidiesnin
Jnadad vie uwrwnuneannd ie RAaINENsUEN BN MIBsHUAT TR Adsorbent iy
dnwnizaeagiang analy Adsorbent  laadaulugy m?@mﬁumammﬂwﬁfaamiﬁuﬁﬁqmnj
ﬂ'a'mmmmlums@mﬁ‘ﬁ’uﬁmmﬁ‘mﬁuﬁﬂmﬂa

> fuanududuaes Adsorbate
AR Aedngarsa Adsorbate
\dan Adsorbent "v"imm:auﬁumsﬁﬁmms@mﬁ’u
LLunmiﬂuL"ﬂfauﬁﬁmmﬁuﬁ"ﬂeﬁuﬂmmL‘ﬁ']ﬁ'am%'"mi:mum?@m%’u
ARYEUNNTITRINTTAATL

IWNLAANE A=W Adsorbate LAy Adsorbent

Y WV ¥V Vv ¥V Y

Regenerate W3alUAnY Adsorbent AR LANE
NSLUIUNIS Regeneration 18an3Ragummnianwamsonssiild 3 wuy Tiud nrs
uiRtuguunil (Temperature Swing) N19LLlAtuAYIRAY (Pressure Swing) et n7uldsuAdy

diudu (Concentration Swing) Tuniangui] Adsorbent ludfdalitrumsldmuazansauen
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1

avifsiesmzuanaanainfinanane il 100 wefdus wazasgngaduagnielu Adsorbent au
nsviegluaningud anazdudazen serefidumiiananaaiauiivesfeuay au
nezeduiiansdeanisusnaanainfnanauvgaeenianaedind Funinqe Breakthrough ot
nlulssuudasgneanuuuitetnalfen 2 pedid Tauradniniiinnizgadu  dovdnaedinl

4 o
WUiMIN1T Regenerate

L
ar ool

daluanatas Adsorbate ANdaiuiuiiues Adsorbent uazifinlffiieuafituuasiin
Wusswiissuinluana  UsngnisniliGendy nisgaduniaedl armfeuiimasanuidlessn
Y- - a4 ar 4 o = - »
nzgadusipifiAdsznin 100 AlauaseTseninlng fallAgannilisnFouRsuiumgady
NMNENTH NTELANNNT Regeneration Tnsgaduniaaiivintfenuanideliaunsminliiae
e | ar ] o] 2 ] o/ -y ar -n.' .
AEnirgaduanntnudaeanty 3 3T i nsadualinasgaduatiie (Fixed Bed

Adsorber) n1sgadurinaitaaduinfieud (Moving Bed Adsorber) warnisgaduaiiangdalnd

' '
ol

1A (Fluidized Bed Adsorber) N19gafuURTiuniIniqaTs UL Fixed Bed

Fixed Bed Adsorber

T2 Fixed Bed Adsorber azrzneuftamadinigadunasrasinl enedmilni
ety Bnaediinilazinnis Regeneration e gminliifiu atge nARsl VOCs rausin
asgnilewdrdunuaseedind  nseenuuuinazudndsanistieuatsanianandidudng
(wndulunsdiidhmnisluataseiniadenad 500 gnunArvasiauni) Waantiomnim
Activated Carbon ﬁm"i‘vmiﬂﬁ’umammﬁﬁchuma‘@mﬁ’u UAD (Exhaust Air) Lﬁ'ﬂ Activated Carbon
Busa pediniiuasdngnizuauns Regeneration Teul#lath levhuas vOCs fign Regenerate
astimud U7 A eeruLtin wdeanmiy VOCs ﬁ‘lﬂa:maﬁw:gnLmnfa'anmnﬁﬂﬁ Decanter /4
wagalugUii 3.1

Fixed Bed Adsorber utiveaniflu 2 alamufiamsfiduiusionasivasaseinia 1du

T« e

pedNURATULUIRY (Verdical Flow Adsorber) uar madnugafuuuiuau (Horizontal Flow
AN !

Adsorber) 1iiausniumnzdwmiveiniarudndidnrinisluaizend 3,000 - 4,000 gnuraiym

paui dousiiafsesamnsnaanuuulwiudmnsnistualauiniia 40,000 gnunaiyasawny

~ Exhaust Air

Solvent Frae
__i Condenser
r 'X’_'_ A - - ”
! I i
Adsorbers e !
L,,\)I:_,_..——wm ——l:& \ | Decanter
\rlsslrstazy - ‘ h Recoverad Solvent
[ L

\
|
Vapor-Laden Air Inlet /61

o Water
Adsorbing Blower

Low-Pressure Steam

a3 wudsnssuunisgadueiia Fixed Bed Adsorber
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Moving Bed Adsorber
AMNTZLY Fixed Bed Adsorber 39inszuamun1s Regeneration wuuifuay (Idur 41
pauMIgRTL Funeunis Regeneration uasfumaunmiiauasin iy nrsuounisment
ansonssinluuLdnhulRldleun1sinli Bed wWaaufituantannAnan VOCs udsanni
Rupioy Bed maufarwlifianalatfiernis Regeneration ufrdusiau Bed firunis
Regeneration uf’i’qiﬂﬂ’qmﬂmmmﬁuﬁﬂﬁ'}LLﬁquﬂ::aﬂ'qmuqﬁ sruniiGenda Moving Bed

Adsorber sruvilisnssnuuuiiudmsainssuenivwyuraunnuluuuiuey Meanslugd 3.2

Vapor inict
‘ Activated carban

Quter shell 4
Onteri:mnj_ BN RS PR = 3
e e A W

inner shell

Inrerior
ouclets

Regenctative steam
inler

Steam ind
vapor oucle:

Vapor

inlets

Steam and
vapor outled

t

g‘ﬂﬁ 3.2  Moving Bed Adsorber (21in Rotary Bed)

Fluidized Bed Adsorber

32110 Fluidized Bed Adsorber Renmauzadiemandutiln Tray Toeil Activated Carbon
\ReUTIAN Tray Frutuaanda Tray Regiuane drueiniAnay VOCs axgnilaudinunfis
anerpspadarinaiuiuLuasinli Activated Carbon dianasvgantadann Tray wiligan
Tray H‘l‘i& uﬁqmnﬁu Activated Carbon sznmmuﬂzqﬂ@mﬁ'ﬁ Elevator Lﬁ';'mu Activated
Carbon T#nNszuIUN1T Regeneration ¢ Activated Carbon arlvasuazaamnastlenn e
Activated Carbon gn Regenerate udafiazaunaudlilaad voCs anansamanansialy #

uanalugilii 3.3
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Surge bin

Oesorbed vapor snd
TegEnarating sgent
out

Ragenavation bed

o Regenerating agent

Etevator for
vapor-lsden

carbon Carbun metering valve

—— Pyrified air out
[ D
I
[:::: Fiuid-bed adserbar
_____ ]
I

/ {mpure aif in

fU# 3.3  Fluidized Bed Adsorber

3.1.2 mﬁ‘g}ﬁmﬁu (Absorption)

=~ - d‘ 2 [ o ) d‘dw
m‘zmumi@mnﬂuLﬂuﬂi:mum?w U TR UNITARTATENGI NAYBINANHAD

1
1

PrmanniunduAuiuatereauas i liiuarsgandu  (Absorbent)  Taofngezazadelures
wae gunsaildleevinlllfud wegandu Teanansneenuuuliviewn Packed wia uLy Prate

ar

TunnreanuuLNTELAUNIIANAY WiTaima i imarRanse A

m'mﬁm155?un7m3mmmﬁ"’rﬂuﬁ1f@mﬁu
Sarmisdiemreaineifaanandi i luseamacannsoiunnldannnisuniveaiig
mn%’umn'\ﬂﬁawmmmmm waratniarasreavagnielurasuas 1y nesugunsiitmle
reansnlalnspaeinluin desnnealalnsraeinavarorinléd sFoluileluanasensaduda
fuhazararei® edadlsfime BuanatesnseasFuuwinizanedunsnlufuresihadan
nezvaumaunslagduduTesen A LLﬂ:Lﬂﬂ‘[ﬂmQ@'uﬂqnmﬁ’uﬂ’ﬂﬁ’uﬁwmﬁﬂﬁ@:ﬂ:mﬂL'fhm

. v t 2 T » 1
Tufingeatin antiuAsazuninszataannioa W ludureainfunssusunisuniduiaed
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o

nzaugarzniniawasargandudunmiveiddnluntacuauszuuganiu

i 4 1
fnrnunT1eefingasganrganausrauag funasasruiniute i manAanudindui

a

] 1N
= '

mazangaswinfaiuaisganau  Aadisasnsdiowmns Samnisundaasiieluduainis
waznaunsrasfrlufureamas
nrdenalineasansganauazdasiansangal
1. AaugnTaunraratsaasigluansganau (Gas Solubility) : ArAdM@INIT0uNYg
ararurasiisluansganduaimazgy Wesanilesitigetu ShrnganAuazg iy Fudana
BiBunuarsganiuiidanas Taavinll aweiiiinnfilussgeanduasfesdanenzn
munmuasniafiadte fufufieiseansfundua
2. ANMNAINNTOUMITZIVE (Volatility) : mﬁ‘q}mnﬁuﬁ'&ﬁmfﬁmm’mﬁu%ﬁiﬁ
3. ANNANIATUNTNIBY (Corrosiveness) : AHAIRNTRlUNTRNTaAsHinasianIs@en
slinvasianitdain
4. 71ANIDAENTGATL : AvsHizIAIgD
5. owwile : ansgaiuacsiidTAnuuilas Welitisnmnnegandugs anAnArsnses
ANAY uazinTiAINITingm AN TauR
6. AINMIATILININAT (Chemical Stability) : ﬁl’:!‘j‘@ﬂﬂﬁuﬂ’lT'ﬁ:Lﬂﬁﬂuuﬂﬂd{ﬁ]mﬂuﬂﬁﬂwtﬂﬁﬁﬂﬁ
uszdndullfaoniuaislilalv
7. qmidlenude: Sl asganduensiianidenudei desan Srantsuieinredgs
nauszuiwnsaulive asinliiiaeudsmsluasdiniateenn
wasan@anataanduliudy  arduseliazdunisdenslisgesstiuganau Tiareq

i:uug}ﬂfuﬁl'ﬁ'ﬁ 2 wun leuri Packed Column k@ Plate Column seuunfisnlEiunnnlunsge

nauingAa Packed Column #aiiUsz@niniwseuins 90-95 wafidus

Packed Column

Packed Column Mdmiunsanfinemususediass aisgandunasioiinsdudaiy
aapnnan Tnsrnavitluaaduiatinee Jaurrysng Packing Wnielufeifiniuiduda aimge
fuiidlusaamasasgninlinszaaviniuioned Packing uarlwassinuansraspeding doufie
nanazpniaudipedmiléneduuuaciiuans Saseanduuarfnanan iwagiunnaiuaz
= N 3 = ar =l 1
Fundimsiwauuy Countercurrent  Smfunistuaniadoaiuazfandinisluauuy Cocurrent
UsrAnENMaBTELIL Countercurrent A¥gandn  1la4aTn Driving Force 1897vULTAgINd
namne Wasuaudnlulupedind  Arassdudatumsganduusrasaradlluasganau

4 13 2 1 ﬂ' 5 k23 L e = ar o ar  ar

pdndusaainanazase aneiiavazuduoueesnedinl luansmasiuddudaiuans

aanaui i (Fresh Absorbent) AluaasnIainduuuIaeAeaNl
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W1 Mist eliminater

— Liquid sprayy

= Packing

Sulel 8T N
Ay watully i,
e

P Pl

Liguid eutler

gﬂﬁ 3.4  Packed Column

'
o

nisluauly  Cocurrent fnsldtifedeanirruuifanuaneespauiud
(Pressure Drop) izuuﬁﬁ’qmiqmnﬁuuﬁ::ﬁ’wmﬂngnﬂﬂuﬁwﬁﬁ'}ummeﬂfaﬁuﬁ eGuiu
?:uuﬁqzﬁﬁmﬂmi‘@mﬂﬁufgamn uazAn anawunsziarsuudigauna  sruvilannsasen
LLuu’Lﬁmmﬁ'}mﬂav?ﬁvmauLL@:ﬂjmmiqmﬂﬁugqmnq W iinsarnaranasineraennuiisn
atelafinn szuuimnzdwiorsuuiiien Drving Force gaAn  unisganaulaLn1Tin

UATFeseudnaniauaziua  vieluszuui biseanstifedguninvauaedniiainsndiale

Tuszu1 Countercurrent

Liquid sprays

gﬂﬁ 3.5  Packed Column kUl Cross Flow

UANAINI Packed Column flagtunsneanwLuliinisiuawuy Cross Flow 1d fAadns

g 35 Mananazlualuwouay lusnsharmganduluaasndiuuy  nseenuuuineld
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Cross Flow fqauauiisnimsldasgandum usy Warandresanandeudregs Tuniei
FNANAA IR AN TunzdififefdamsfunduAuiiauannmolunasaisgs
ILUL Cross Flow Aniundnszul Countercurrent Flow  dinldansgandusiiadani uas
ArEaresfiaie Cross Flow axiidiasiusnsresanudusinngy  Warsganduifesndn
ﬁrgmm?fqmﬁw,ﬁﬂwmmmLL"ﬁai‘I@ﬂnfi'\ uasdoldtin v ﬁmaugmmmﬂﬁmmmLﬁﬂﬂfi'}ﬁ‘:‘uu
Countercurrent Flow tun1anduriu Cross Flow ﬁﬁmuﬁTuéﬂaﬂﬂanﬁ?ﬁmﬂaLumgnﬁq?’ﬁuﬁmuu
(Liquid Entrainment) uﬂ:ﬂmuwmmiﬁ’us&“ﬁﬁuﬂﬂwqﬁqﬁqmﬂqﬁwﬁumﬂamm favniiang

LW IALBINND
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F18Ng AR MU F1ANED TR
w98
(U/mdae) | (um)

ADSORPTION TANK 1(horrizontal) 1.1x3.2 | m{Dia)xm 1 set 280,000 280,000
ADSORPTION TANK 2 (horrizontal) 1.1x3.2 | m{Dia} xm 1 set 280,000 280,000

CTIVATED CARBON 4-6 mesh 1,080 | kg 70 75,600
COOLING TOWER 21,500 kcal/h 1 set 25,000 25,000
C.T. PUMP 1 100 | cumh | 1 | set 25000 25000
C.T. PUMP 2 10.0 cu.m/h 1 set 25,000 25,000
WATER SUPPLY UNIT 0.15 cu.m/h 1 set 4,000 4,000
AIR COMPRESSOR 100 I/h 1 set 15,000 15,000
BLOWER 1(adsorption) 8,000 cu.m/h 1 set 150,000 150,000
BLOWER 2({drying adsorber) 2,060 cu.m/h 1 set 50,000 56,000
HEAT EXCHANGER 1(condensation) 21,500 keal/h 1 set 120,000 120,000
HEAT EXCHANGER 2 {evaporation) 21,500 kcal/h 1 set 120,000 120,000
PLATFORM 9 sq.m. 1 set 60,000 60,000
AIR FILTER 1 8,000 cu.m/h 1 set 25,000 25,000
AIR FILTER 2 2,000 cu.m/h 1 set 20,000 20,000
L/G SEPARATOR{H.E.) 1 set 5,000 5,000
L/G SEPARATOR(T1} 1| set 10,000 10,000
L/G SEPARATOR(T2) 1 set 10,000 10,000
GAS BLOCK TANK 1 set 3,000 3,000
S/W SEPN TANK 1 set 10,000 10,000
DEMISTER 1 | set 3,000 3,000
SOLVENT METER 100 ith 1 set 35,000 35,000
SOLVENT HOLDING TANK 1.0 cu.m. 1 set 50,000 50,000
VAPOR COLLECTING HOODS (3 Sets) 18 sq.m. 3 set 150,000 450,000
MEASURING INSTR. 1 set 30,000 30,000
CONTROL INSTR.{PLC) 1 set 150,000 120,000
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AT 52 aunrasgUnsniuazmalsifiursuufiunduAueealisans n (de)

§181115 YUIA [1UIU $1A6ID 51A799H
wuae
(uwimdae) | (uw)
ELECTRICAL SYSTEM 1 | set 350,000 350,000
AUTO. VALVE 1 | set -400,000 400,000
MANUAL VALVE 1 set 40,000 40,000
PIPING & SUPPORT(OUTSIDE) 1 set 150,000 150,000
PIPING & SUPPORT(INSIDE) 1 | set 300,000 300,000
SUB TOTAL 1 3,240,600
CONTINGENCY(10 %) 324,060
SUB TOTAL 2 3,564,6%
CONSULTING FEE 800,000}
TOTAL 4,364,660
52.1.5 mﬁmﬁwﬁamm‘@mﬂmf
n.  Nuamy
ANRIMUTIN 4,365,000 um
v.  Arlfenesuiunig
miwi 5.3 A ldAnefiumsresssunifunduAueedtsaeu n -
F78N§ auww | dma | et | Vi | adlvidh A1 Avldane
W ao1nad [1dldw | 1Elndiq | nsle DEMAND 594
Gow) | () (g | (miseAl [ () wm) | (uwAl
Al 78,803
- COOLING TOWER 0.5 0.4 20.0 2,400 2,448 845 3,293
-C.T. PUMP 1 15 1.2 20.0 7.200 7344 | 2534 9,878
-C.T. PUMP 2 1.5 1.2 20.0 7,200 7,344 2,534 9,878
- WATER SUPPLY PUMP | 0.2 0.2 4.0 192 196 338 534
- BLOWER 1 7.5 6.0 20.0 36,000 36,720 12,672 49,392
- BLOWER 2 20 16 5.0 2,400 2,448 3,379 5,827
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- COOLING TOWER - - ALLN. 39 5.00 194
AgeTNEN - - - - - B 109,950
ATLTINUNIIY - - - - - 168,000
99 538,212
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4,365,000
2,947,498
= 1.5 I

9. HARBLILNWNIIRIN (Internal Rate of Return - IRR)
AMNNITAMUING ATRANITABLUMBNM ALY 66.56 wefifud  uatiBus

) C L] J 1 L |
rBINTEUARUAAGNEARTINTAN WaAIAIMITT 5.5

MINT 5.5  HARALUNUANIAINY (Internal Rate of Retum — IRR) vaalredn n
9 nzuARuAngrasell Smsmaniily uanilaqiu
(un) (%) ()

0 -4,365,000 66.56 -4,365,000
1 2,947,498 66.56 1,769,602
2 2,947,498 66.56 1,062,424
3 2,947,498 66.56 637,852
4 2,947,498 66.56 382,950
5 2,894,578 66.56 225,785
6 2,650,598 66.56 124,130
7 2,650,598 66.56 74,524
8 2,650,598 66.56 44,743
9 2,650,598 66.56 26,862
10 2,650,598 66.56 16,127

NPV ’ 0
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NFzUIMNTNARDEN1TNIY N

AIINA 56 AnMdnduras vocs MfuldaimldesgaainmairTesiug 1 uaz 2 aealieanu @

Wadun 22 Augnau 2543

giRua4 VOCs AHLLNTY (RALBN) AnaRe (RALAN)
MEK 1.36-11.81 7.28
Tngdu 18.43-58.35 40.22
ToimaianasTuy 2.86-61.59 2254
danasoniasaig

™ ]
[

-i' .:‘ 4. ‘il [ .4 & B )

Wasantssnuillfanduresvananiuininezats  daludininazarshimziveean
-] ar U = i Jd‘l’ ar O -J - - g

FNNTTUIUNTTHARAINIANN (1) mma:mawuamq’luﬁmﬂm (2) Fmazaruidndmdn
annafivietn evdsenanludeedieu 1 waaaianisni 5.7 andeysilefiduriads
o @ -J - 1 a;"I’ al' 1 -:!‘ ar 0 -=: ]
gaadiarargiiAndn uasigannlumiesei 5.7 uardeyalfunnnisdedviaraieaiasie
Trealsam 9 (m19h 5.1 4o 5 gnsein AT tasa e TEMe8naTn

NITUIUMFHARNAULALAAIFIRITINA 5.8

AR 5.7 asmdreneuiufesdlsenu 1

asAlsznavlu’ wWafiiufafsludide wesifusiefeluandRun

AaunANFIYRTaELAN PRITINUFNAMINREA1LIURD
MEK 35.70% 44 .36%
Tngdu . 27.80% 41.88%
ﬁqﬁﬁﬂ:mmﬁm%u 24.80% 7.80%
1T 11.70% 5.96%
FAIHAIMIREANE 88.30% 94.04%
593 : 100.00% 100.00%
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AT 5.8 U3NIUBIINIA T AN STIMEAENAINNTELIUNITHARTBATTNIU €

=
sanUsnunsziveaan
o o A% -4 A%’ “
AINIATANe 1[Fuunte UTnouVidan@nga | aannssuauniIsuas
(Ausall) (AurAall) (AumaLl)
VATBIRNWA 1.2
MEK 140.0 50.0 190.0
Tngau 140.0 40.0 180.0
lalaaianaziuu 55 36.0 . 41,5
1998 asFwmv 4.0 - 4.0
93 289.5 126 415.5
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i L = ol e 1 al al el oo
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1 Folng -
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Vapor-Laden Airlnlet 7~ | (
R W)
ST i

VLIS III VIS5

Exhaust Air
Solvent-Free

Adsorbers _‘_—4\%
- | s s oA N
—{

P J—

Condenser
-

Decanter

Recavered Solent

Adsorbing Blower! [ Water
Low-Pressure Steam
jUn 5.6 dnuilsznavresssuunsiunduiIiarans

5224 maraiusia
ATNA SS9 auarssguUnraiwazAnssiiurruwfunduAtaedliay 4

§18NG N . [;erdsudaa| AN

(ummsadag) | (U

ADSORPTION TANK 1(horizontal) 20x49 | mDiayxm | 1 set 550,000 550,000
ADSORPTION TANK 2 (horizontal) 20x49 m({Dia} x m 1 set 550,000 550,000
ACTIVATED CARBON 4-6 mesh 3,480 | kg 70 243,600
COOLING TOWER 111,000 kcaih 1 set 60,000 60,000
C.T. PUMP 1 40.0 cu.m/h 1 set 35,000 35,000
C.T. PUMP 2 40.0 cu.m/h 1 set 35,000 35,000
WATER SUPPLY UNIT 0.77 cu.m/h 1 set 6,000 6,000
AIR COMPRESSOR 300 Ih 1 set 25,000 25,000
BLOWER 1(adsorption) 20,700 cu.m/h 1 set 280,000 280,000
BLOWER 2(drying adsorber) 5,100 cu.m/h 1 set 110,000 110,000
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TIEnNT BUIA ""1"111’21.& ’i’]ﬁ"llﬁi‘ﬂ“tj’m TIANTIH
(uMmiag) (um)

HEAT EXCHANGER 1(condensation}| 51,000 kcalih 1 set 200,000 200,000
HEAT EXCHANGER 2 (evaporation) 51,000 kcal/h 1 set 200,000 200,000
PLATFORM 12 sq.m. 1 set 70,000 70,000
AIR FILTER 1 20,700 cu.mh 1 set 25,000 25,000
AIR FILTER 2 5,100 cu.m/h 1 set 20,000 20,000
L/G SEPARATOR(H.E.) 1 set 5,000 5,000
L/G SEPARATOR(TY) 1 set 10,000 10,000
L/G SEPARATOR(T2) 1 set 10,000 10,000
GAS BLOCK TANK 1 set 3,000 3,000
S/W SEPN TANK 1 set 10,000 10,000
DEMISTER 1 set 3,000 3,000
SOLVENT METER 250 vh 1 set 45,000 45,000
SOLVENT HOLDING TANK 25 cu.m. 1 set 120,000 120,000
VAPOR COLLECTING HOODS (3 20 sq.m. 3 set 150,000 450,000
Sets)

MEASURING INSTR. 1 set 30,000 30,000
CONTROL INSTR.(PLC) 1 set 120,000 120,000
ELECTRICAL SYSTEM 1 set 500000 500,000
AUTO. VALVE 1 set 600,000 600,000
MANUAL VALVE 1 set 50,000 50,000
PIPING & SUPPORT(OUTSIDE) 1 set 200,000 200,000
PIPING & SUPPORT(INSIDE) 1 set 380,000 380,000
DISTILL.SYSTEM(&solvent  storage| 160 kg/h 1 set 900,000 900,000
tanks}

SUB TOTAL 1 5,845 600
CONTINGENCY({10 %) 584,560
SUB TOTAL 2 6,430,160
CONSULTING FEE 1,200,000
TOTAL 7,630,160
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A 301,224
- COOLING TOWER 1.0 0.8 22.0 5,280 5386 | 1,690 7,075
-C.T. PUMP 1 35 2.8 22.0 18,480 | 18850 | 5914 24,763
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-WATER SUPPLY PUMP | 0.5 0.4 40 480 490 845 1,334
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wide | <Shudu el Aldas

Uy (wuoe) (U (unfl)

W)
AL
- lovin(Regenerate) - - n.n. 806,686 0.70 564,680
~larh(nd) - . n.n 318,182 0.70 222727
Andrdszaa

et - - AN, 1,125 5.00 5,624
- COOLING TOWER - - AL 343 5.00 1717
Atigeinu - - - - - 207,930
ATUTINUTIU - - - - - 168,000
59% 1,471,903
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3.

4.

AT IR
nIsualuangnd =

|
Ny 5

uamrAnmsrmdulFanlranumdsaniasnis

Ruamu

nrzuaRuangnised
7,631,000

7,793,525
0.98 il

11.7 1984

HARBUUNUNITANY (Internal Rate of Return - IRR)

INNITANLIN AMANITALLUNUNITAMNUIINTL 10178 wafdud suaziBon

saanszuaiuangvire il uanaiansni 5.12

AT 5.12 HARBLILNUNITAINU (Internal Rate of Return — IRR) 28417471 4
4 neEUARUARENEADL Amsmaniile yaAilaqiy
(uw) (%) (1)

0 -7,631,000 101.78 -7,631,000
1 7,793,525 ’ 101.78 3,862,325
2 7,793,525 101.78 1,914,096
3 7,793,525 101.78 948,590
4 7,793,525 101.78 470,104
5 7,623,005 101.78 227,877
6 7,300,665 101.78 108,156
7 7,300,665 101.78 53,600
8 7,300,665 101.78 26,563
9 7,300,665 101.78 13,164
10 7,300,665 101.78 6,524

NPV 0
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Furtum sl TOLUENE daifiau = 4,600 n.n/ney
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35Nl SOLVENT AaLaay = 12,100 n.nARBY
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Fmsnnsld MEK Tunnswdeuiain) = 1222 AR Wx RYD
8R$n71 Cyclohexanone 1uma*m5'au(va§ﬂ) = 4.44 A.0./B.3.

s

5 p <4 4 = 2 qr b =
ﬂu'lillﬁiv;l : 'luﬂq'i"r]'ﬂﬂlLU]_IQ.‘Zl'ﬂ’ﬂ\ILN’ﬂﬂ?m peak load 94 ﬂﬂﬂ’]ﬂ‘ﬂﬂ‘]l’nﬂxﬂ']ﬂluﬂ'}?iﬂﬂ'ﬂ‘]_l

i e e -1
mnmqmmammmm’lmu
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A.1.2 MsoRnEuUTEUY Adsorption WA Distillation

A.1.2.1 Nn1TuItung Adsorption Tank

nsd 2,500 ppm

(a1 ldlunisduan - gouunil 40 C)

TOL v
MEK.v
CHN,v

ER

TOL

ER

WEK

ERCHN

Sy

Bt}

sg

59

R

3.5847

28057

3.8135

20.4444
24.4444

8.8889

kg/m’
kg,’m3
kgfm3
kg/h
kg/h
kg/h

(ER_, +ER,, +ER

TOL CHN)

(ER o1/ 1o ) HER, e/ Dyey o) HER /0

TOL

CHN CHN_V)

(R = 13111u solvent fiawsalu adsorber)

HF

3.2112 kg/m®
0.0025 m*m’
Ysg* DSV
0.008028 kg/m’
E RTOL+ERMEK+ERCHN
53.78 ka/h
G,/ X, N
6,699 m’in
0.3000 kg/kg
0.0100 kg/kg

(HF = 173104 solvent fiaam@dalu adsorber 49431NN17 Regeneration w&1)

s,s4at

1.00
G,.'T,

53.78

kg



c.sat

ch

vOL

cb.sat

M, o / (R - HF)

185.44
496.00

c.sat ¢b

0.3739

MIANUIN A

TIBAZBEANIATU

kg
kg m’

s =l g o o =
MSATUIARMINUNWYARY B adsorption tank VILUHIZAN

Estimated MTZ

Allowed PD,

v
TEMT MeaeIauNAAY A AV, POt uax H

0.15
4.00

c

m
in H,0

wdnin H, BlnFeuieu

o H_svganasulfle (Minimum H) Salrznousauringesed adsorber

dufidnmanoe solvent LINALANENITEY mass transfer zone (MTZ) uAnAMAAE

o aeiM ved o ] ar 1 - 1 ]
safety factor WINUAAWET IATHAFNTY ImasaauniAl A_ Tusiaundd

arlAuadwsaimg Teazinliniuan A, Amuizan (Optimum A )

Aunisanuomsalll azuaslanizuandisni iennaasauuirauldaimauudn)

1] A

<

V‘Q

PD_ per ft

m
c
PD,_ per ft
oA safety factor

FNUU  PD_ per ft

ATUINIAT H_

H

c

It

il

1.20

3.464
F, /A,
1,934
107.43
107y,
1.9800
-3.5129
3.227

3.873

Allowed PD,

PD. per ft of adsorber

1.033

A-5

2
m

m/h

ft/min

in H,0/ft

in H, O/t

in H,0/ft

ft



nsAnsanduldWeainmaauazmnAundufuanrBunidnsvediefigydeeenguitennia

= 0.310 m
AMITUAT Minimum H_
MinimumH_ = = (MTZ + VOL, .../ A,) * safety factor
\iaAN safety factor 1.20
MinimumH_ = = 0.310 m

[anngfFaufituAl H, ieaes wodflauviaiu

o o = = = | -
[ANRATAH Ac NANUFAU QQlﬂUﬂqWLMN'}‘:ﬂN

ATUITUAT Optimum VOL W&z Optimum M_

OptimumVOL, = Optimum V_ ™ Optimum A |

= 1073 m’
Optimum M_ = Optimum VOch* D..
D, = 496.00 kg/m®
Optimum M_ = 532 kg

ATUIIUTATDY adsorption tank

1) N7l Vertical tank

D, = SQR(A_/0.7857)
= 2.10 m
‘_ 2) N3l Horrizontal tank
#eh D, = 1.10 m
oL = AID,
= 73.175 m
(L/D), = 2.86

A.1.22  nsAmmYTnleni 19 ludumen Regeneration

adsorption temp. 40.00

regeneration temp. = 150.00 C



regeneration time

1) Heat of adsorption
TOL wt.

MEK wt.

CHN wt.

TOL heat of adsorption
MEK heat of adsorption
CHN heat of adsorption
Heat duty

2) Adsorbent

activated carbon wt.
specific heat

Heat cuty

3) Solvent

TOL wi.

MEK wt.

CHN wit.

TOL specific heat

MEK specific heat
CHN specific heat
Heat duty

4) Adsorption tank material
tank wi,

specific heat

Heat duty

Total Regeneration heat

latent heat of steam at 150 C

steam consumption for heating

Sweeping steam

steam leaving tank with solvent

recovered solvent wi.

A-7

0.50

20.44
24 44
8.89
91.64
108.92
100.97
5,433.53

940.00
0.25
14,850.00

20.44

2444

8.8889
0.4400
0.2490
0.4310
2.486.57

1,530.4
0.1220

20,537.64

43,307.75
505.26
85.71

0.30
53.78

NIANUAN A

FIUAZIBEANTAMLI

kg
kg
kg
kcallkg
kcal’kg
kcal/kg

kcal

kg
kcal/kg/C

kcal

kg
kg
kg
kcal/lkg/C
kcallkg/C
kcallkg/C

kcal

kg
keallkg/C

kcal

kcal

kcal/kg
kg

kg steam/kg solvent

kg



ndnmaruduldifreinisaauaznsfunduRuarBuitnizmeitehgy@ueangussannie

sweeping steam wt. = 16.13 kg

total steam usage = 101.85 kg

steam consumption rate = 203.69 kg/h

steam usage per kg of soivent = 1.89 kg steam/kg solvent

A.1.23  mrAamanefinnimaeduludunsunisangemlans Activated Carbon vaa

17 Regeneration

recovered sclvent wt. = 53.78 kg
sweeping steam wi. = 16.13 kg
regeneration time = 0.50
temp. of solvent vapor = 150.00
temp. of recavered solvent vapor = 35.00
TOL wt. = 20.44 kg
MEK wit. = 24.44 kg
CHN wt. = 8.89 “kg
TOL specific heat = 0.44 | kcal/kg/C
MEK specific heat = (.80 kcal/kg/C
CHN specific heat = 0.80 kcal/kg/C
TOL heat of condensation = 90.00 kcalikg
MEK heat of condensation = 90.00 kcalfkg
CHN heat of condensation = 90.00 keal’kg
N
cocling load of condensation = 8,941 kcalicycle
= 17,882 ~ kealih
= 166  kealikg sotvent
A.1.3  NITAIUIUTIAN
A.1.3.1  NI9ANMIUIIANNERTY
@R wénndafusu
Q0. 229740 7.8426



NANWIA A

FIUazBuANTTATUANL

g89 i = yaAdanilda¥nds x 3.00
waATARN 198N = wudag x AAewminaueIian
TIANRENUIBTBITAR = 3500 UMM

L Wt o o
NMSATUINE WU ARITAAT LT

(IRTR LG AL LT = WA+ wudureadui + wndnlsznauBunialy

RTRLA) = WUAMUATINTIUEN + W8 W09 + L. Manhole

MSATUITE U.U.09
ATUNTINTZLRN
t = PRASE-0.6P)

t = AINUUINN (mm)

P = mmﬁugqqﬂﬁaﬂulﬂﬁ = 8.00 ka/cm’
R = faiinaiu = 550.00 mm

S = AmnnAuLeias = 1,225.00 kg/cm’
E = dsrAninmiausa - 085

t = 425 mm
Atlemsfanion = 3.00 mm
ATIHWUITNBBN LY = 725 mm
FATNeEn = 557.25 mm
Wutingudnannaly = 1,100.00 mm
Wurgudnaaniaen = 1,114.49 mm
WU ANMNTNITUANGRANNENT = 197.73 kg/m
ATTHENIFUNSINTELAN = 3.20 m

w.U dunianszuen = 63275 kg

1 LT P21 o4
RAIUNIDIATINGIT 2:1)
t = PDY25E-0.2P)
t = ANMUIIDA (mim)

P = arwsugagafeanlild = 8.00 kgicm’

D = Wudrgudnatanely = 1,100.00 mm

H



= -l - r-‘ 1] ;
nrAnsATiilidraainraaussninfunduAus i dnrz e efigoudaaangduiuinma

S = AIANIAULBITER = 1,225.00  kglem?
E = yr@ninwransia = 1.00
t = 359 mm
Aiansianiau = 3.00 mm
AHMUITaRaNILIL = 6.59 mm
Wy adaradig = 145.00 ' kg
IRIRIGTAS) = 290.00 kg
MANHOLE(150 Lb)
1u1A Manhole = 450.00 mm
u.U. Manhele = 126.00 kg
wue@awitulau Manhole = 95.00 kg
1.4, Manhcle 793 = 221.00 kg
U U FINYDI = 1,143.75 kg
NISANINL WaLdausassudaaruin)
HHTBY , = 12000 YA
A = 1,050.0C mm
B = 750.00 mm
C = 150.00 ' mm
D = 27500 mm
G = 19.10 mm
H = 950 -mm
K = 850 mm
.U LHUSBY
fuisan = 034 m’
ATTHUL = 950 mm
WAL AR = 2496 kg
Sty = 2.00

A-10



WU

UAUFIY
Auidan
ANTHNUN
IRTRCGEAL

Q ﬁ"
CRITGITGIT)

WALTIH

&
u.ulagans

AR
TR
Sty
14,340,994

WU FINUYDIAIUTDITUO

U049

w.u.dqullsznauau 9uaeas

o i o/
WU FIHVDITAAN 1A

Uaniie 6 %

LW SIHBBITAANAILINLAD

AR slaalsT

= 4993

= 0.16

= 19.10
= 2359
= 2.00

= 4719

= 47138
= 010

= 9.50

= 7.46

= 4.00

= 29.'85

= 126.96
= 1,143.75
= 300.00
= 1,570.71
= 0424

= 1,664.96

= 175,000

MAKUIN A

FIUARZIALAN AN

kg

mm

kg

kg

mm

mm

kg

kg
kg
kg
kg
kg

kg

uUIn
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A2 Tseua

o ar o L = o [ -l
A.21  nisAuraE v azareilTuasmauns ula (ASaaANS 1 uaz 2)

Furunsld TOLUENE
WSauund MEK

131N 314 CYCLOHEXANONE
Fuunasld BUTYL ACETATE

[

gauUFHuns 14 SOLVENT(Ta)
YEu1nunis L Ea

VFunnunis 143

% TOLUENE Tu@

% MEK lud

% CYCLOHEXANONE 1ud

TOLUENE fag/luiifieusan SOLVENT
MEK e ludriaunan SOLVENT

CYCLOHEXANONEf e/ luAriaunay SOLVENT

5211330 SOLVENT Fiaglud
13u0y SOLVENT filflunisiafay

Uisnn TOLUENE

tFunu MEK

151704 CYCLOHEXANONE .
158104 BUTYL ACETATE

sautSu1tu SOLVENT dlunsiafau
38" SOLVENT #tasail

71A1 TOLUENE Aauiae

1A MEK sianidos

511 CYCLOHEXANONE slauiaes
1A BUTYL ACETATE siauuas
y0A1 TOLUENE Fiesil)

yar MEK fsasiall

/A" CYCLOHEXANONE #itested
4aA1 BUTYL ACETATE Tidasiall

$9MYAAINISTE SOLVENT

A-12

140,000
140,000
5,500
4,000
289,500

NA
35.7
27.8
24.8
40,000
50,000

38,000
126,000

180,000
190,000
41,500
4,000
415,500

19.00
45.00
47.00
35.00
2,660,000
6,300,000
258,500
140,000
9,358,500

n.n.Al
n.n./al
n.n.Al
n.n.Al

n.n.fl

f.n./4
%
%
%
n.n.Al

A.nAl

n.n.Al

n.n.Al

LW/N.N.
U/,
UW/n.A.
N,
u Al
v/l
umAl

Al

y Al



UFn10u SOLVENT fiunauls
% NISALNAL SOLVENT
Funtunisifiundy TOLUENE siatl

UFaunsiunay MEK fatl

UFNUNITNUNALU CYCLOHEXANONE sail

1SN ITAUNdY BUTYL ACETATE siatl

sanilSantu SOLVENT fuhunauls

Y8 SOLVENT Afunauls

4aA1 TOLUENE fiunduls

yaA1 MEK ifunduls

¥aA1 CYCLOHEXANONE Mifiunduls

¥AA1 BUTYL ACETATE MAunauls

u

5IMYAAT SOLVENT Mhunaule’

2Rs175 4 Solvent TunisiaRau(aas)

el o P 3 A -
Aunidalnanaausad u(taay)

o e o ¢ =l
FIUMIUNILFABT

ARt N7 14d Toluenelunisirdau(laae)

fnrnng s MEK luniniedau(ass)

dnnsld Cyclohexanone tuniswaau(ade)

am5In17) Butyl acetate‘luﬂ’lil.ﬂaﬂu(l,’aﬁﬂ)

ARSINTFLE Sotvent TunstARaLLRRE)

85
153,000
161,500
35,275
3,400
363,175

2,907,000
7,267,500
1,657,925
119,000
11,951,425

20
300
30.00
31.67
6.92
0.67
69.25

NANUINR A

MURZIBUATITA M

n.n.Al

7.3,/
Fual
n.N./8M.
NN/,
.M./,
M.N./4.4.

n.n/4.d.

UNIEVIR lumsaanuULszFaulansi: peak load T4iansntsls solvent lunisadeuuin

1 1 = :l: Ld !.-.:l;
ndAaas AR tAL

A.2.2 MgRBRNLUYITUL Adsorption URs Distillation

A.22.1

ngdl 2,500 ppm

nau1euIs Adsorption Tank

(anzi i lunnsAwIn - atungi 40 C)

D

D
D
D

TOLY

MEK, v

CHN.v

BTA W

3.5847
2.8067
3.8135
4.5140

kg! m’
kg/ m’
kg/m3
kag/ m’
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ER., = 60.0000 kgh
ERex = 63.33323 kg/h
ER. = 13.8333 kg/h
ERyra = 1.3333 kg/h
D, = (ER o TER e FER W TERG )

{E RTOL/DTOL‘V) + (ERMEK”DMEK,V) + (ERCH N/DCH N .V)+(ERCHN/DCH N,V)

= 3.2035 kg/m®
. = 0.0025 m'im’
sg = Ysg* DS‘J
= 0.008009 kg/m’
ng = ERTOL+ERMEK+ERCHN+ERBTA
= 138.50 kg/h
Fy = G/ X
= 17,294 m/h
R = 0.3000 kg/kg

(R = 1[3111u solvent WANFL 1Y adsorber)
HF = 0.0100 kg/kg

(HF = 31114 solvent Aimawdely adsorber wadannng Regeneration LLﬁ’))

. = 1.00 n
Ms.sat = ng ' Ta

= 138.50 kg
Mc.sat = Ms.sa:’f (R - HF}

= 477.50 kg
D., = 496.00 kg/m’
VOch‘sa[ = Mc,sal ’{ ch

= 0.9629 m’

A-14



HALUIN A

TERZANANTIAAN

] b =y d L N i
NIFATMUINULHAUTHUNKUNARY BN adsorption tank NANNZAN

Estimated= 0.15 m
MTZ
Allowed PD, = 4.00 in H,O

Tane  veeasuuRA A amiuAuam V,.PD/ft uaz H, udn H, il Bauidiey
o H, ngafinaa il (Minimum H ) Svlsznausnnasigazes adsorber
dauiBnsEan solvent LANFUAMNEINTEY mass transfer zone (MTZ) udigmiag
safety factor WANLARWERETAGNA WinaaasauuRal A, Tusiaundd
arlfuadwiAvinm easinlinsuan A, fimizan (Optimum A )

Aunsanuanusallil azuansenIzuanadatni bmpassauuimaulsanaundn)

W A, = 9.670 m’
v, = Fo /A,
= 1,788 m/h
= 99.35 ft/min
PD, per it = 107v," in H,O/ft
m = 1.9800
o = -3.5129
PD, per ft = 2.764 in H,O/ft

\fieAn safety factor  1.20

Al PD, per ft 3.317 in H,0/ft
ATUIUAT H,

H = Allowed PD,

<

PD. per ft of adsarber

= 1.206 ft
= 0.362 m
ATUITAY Minimum H,
Minimum H, = (MTZ +VOL,, ./ A} ™ safety factor
Haen safety factor ~ 1.20
MinimumH, = 0.299 m



nrAnsaudullidaainisaaussninfunduAuansduiddnssvedahgndsesngurraina

annnLFELRnUAT H_ s nudianiiu

O A S o
Al A Ranuiidl AaniluAnuunsan

ATUAMAT Optimum VOL &2 Optimum M,

Optimum VOL_, = Optimum V_* Optimum A |

= 25.000 m’
Optimum M, = Optimum VOL;D* D,
Do = 496.00 kg/m’
Optimum M, = 1,735 kg

AMUITUAURLDL adsorption tank
1) n76} Vertical tank
D, = SQRI(A, / 0.7857)

= 3.51 m

2) N51% Horrizontal tank

\@en D, = 2.00 m
L, = " AID,
= 4.84 m
(L/D), = 2.42

A.2.2.2  mzAenntTnleun [ uiusen Regeneration

adsorption temg., = 40.00

regeneration temp. = 150.00 C
regeneration time = O\.\SO

1) Heat of- adsorption

TOL wt. = 60.00 kg
MEK wt. = 63.33 kg
CHN wt. = 13.83 kg
BTA wt = 1.33 kg
TOL heat cf adsarption = 91.64 kecallkg
MEK heat of adsorption = 108.92 kecal/kg
CHN heat of adscrption = 100.97 kcal/kg

A-16



BTA heat of adsorption
Heat duty

2} Adsorbent

activated carbon wt.
specific heat

Heat duty

3} Solvent

TOL wt.

MEK wi.

CHN wt.

BTA wt

TOL specific heat
MEK specific heat
CHN specific heat
BTA specific heat
Heat duty

4) Adsorption tank material
tank wt.

specific heat

Heat duty

Total Regeneration heat

latent heat of steam at 150 C

steam consumption for heating

Sweeping steam
steam leaving tank with salvent
recovered solvent wi.

sweeping steam wt.

total steam usage
steam consumption rate

steam usage per kg of solvent

A-17

105.50
13,934.13

1,740.00
0.25
47,850.00

60.00
63.33
13.83
1.33
0.440
0.549
0.431
0.440 °

7,449.07

4,104.3
0.12
55,079.82

124,313.03

505.26
246.04

0.30
138.50
41.55

287.59
575.18
2.08

NAAKUIN A

TIHRS REANITANUIL

kcal/kg

kecal

kg
kcallkg/C

kcal

kg
kg
kg
kg
kcallkg/C
kcal/lkg/C
keal/kg/C
keal/kg/C

kcal

kg
keal/kg/C

keal

kcal
kcal/kg

kg

kg steam/kg solvent
kg
kg

kg
kg/h

kg steam/kg solvent



msdnasiuly i reaniranuaznnfunduAum Bunitismeirofigndsaenguisuinia

A.2.2.3  msanansiunlaun ludusey Distilation

Based Case : Capacity 20.10 kg/h
heat duty of reloiler = 32,986 btu/h

= 8,318 kcal/h
Present Case : Capacity 138.50 kg/h
heat duty of rebailer = 227,290 btu/h

= 57,313 kcal/h

= 413.81 kcal’kg solvent
latent heat of steam at 150 C = 505.26 kcal/lkg steam
steam consumption rate = 113.43 kg/h

1l

steam consumption for heating 0.82 kg steam/kg solvent

v

R.2.24  AITATMIVILFNIM DU LU

Totat steam consumption rate Steam consumption in Regeneration +

Steam consumption Distillation

= 575.18+ 113.43

= 688.61 kg/h

A.2.2.5  meAnaalEnamivasilutuseunsansumniivey  Activated Carbon Wad

/1N Regeneration

recovered solvent wt. = 138.50 kg
sweeping steam wi. = 41.55 kg
regeneration time = 0.50 h

temp. of solvent vapor = 150.00

temp. of recovered solvent vapor = 35.00

TOL wt. = 60.00 kg

MEK wi. = 63.33 kg

CHN wi. = 13.83 kg

BTA wt. = 1.33 kg

TOL specific heat = 0.440 kcal/kg/C

A-18



MEK specific heat
CHN specific heat
BTA specific heat
TOL heat of condensation
MEK heat of condensation
CHN heat of condensation

BTA heat of condensation

cooling load of condensation

0.549
0.431
0.440
86.80
105.93
80.00

73.82

21,048
42,096

152

MANWIN A

PuazBean AN

kcal/lkg/C
kcallkg/C
kcal/kg/C
kecallkg
kcalfkg
keal/kg
kcal/kg

keal/cycle
kcal/h

kcal/kg solvent

A.2.2.6 nrAmsavnFurasdvasdiuluduseunizasuusi iy Distilation

Based Case : Capacity

cocling load of condensation

Present Case : Capacity

cooling load of condensation

A.2.3  NIFAMILTIA

A.2.3.1 NIIAMNUTIANNGATY

e wannaiAiuny
AR AL ET
407 AN
1 s -ﬂ‘ k2 L
yaA1iani 11411909

TIAABUUIE TRIIER

o o oy O
NSAMIM WU aRsIdanlY

20.10

ka/h
28,822 btu/h
7,268 kcal/h
kg/h
198,599 btu/h
50,079 keal/h
361.58 kcal/kg solvent
7.8426
yaAdaniiliaiad x 3.00

w580 x Mesemineesiag

35.00

um/n.an.
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IRIR LIV TG T WALGR + W daureaiude + wudaulrznavaugnielu

TRTHIA U ZIUNTNTZLEN + W.UWIN + W Manhole

I

MTAIUITY WU
#runganszuan
t = PR/(SE-0.6P)

t = AINUUIND (mm)

P = msugeganuenldld = 8.00 kg/em’
R = fAfansly = 1,000.00 mm
S = ArANIAuTENTER = 1,225.00 kg/em’
E = UreBnBnwrousia = (.85
t = 772 mm
AElenisiansan = 3.00 mm
ANNNNUITNABNLUL = 10.72 mm
FAnAmuen = 1,010.72 mm
rgudnananielu = 2,000.00 mm
Wk autgnanewan = 2,021.44 mm
WU AMWNNNTEUBNAAANINENT =  531.22 kg/m
ANINEINAIUNNNTELEN = 490 m
wudruntangzuan = 2,602.99 kg
druadardmedd 2:1) N
t = PD/(28E-0.2P)

t = AMNUUIIING (mm)
P = aomdugegaisenlild = 8.00 kgler?
D = duwhqudnawmely = 2,000.00 mm
S = AAMINIAUYRITAR = 1,22500 kgfcrm®
E = UsrAnanwrause = 1.00
t = 6.53 mrr
AElanisiansay = 3.00 mm

- ANUUNSBBNULIL = 953 mm

A-20



TRTRVOLA L k)

RIRTGIE

MANHOLE(150 Lb)

A Manhole

.4, Manhole
w.udAeuinudan Manhole

1.4, Manhole 1794

WU SINUBINT

MMSATUIN U L. HIUTRITUA(B1UN)

NI

A I O T O @ F

UL LEUTDI
ke an
ALY
R
§rmnudu

WU TH

AITHUUN

= 27400

= 548.00

= 450.00
= 126.00
= 9500

= 221.00

= 3,371.99

= 120.00
= . 1,825.00
= 1,275.00
= 225.00
= 450.00
= 1910
= 12.70

= 950

= 0.98

= 9.0
= 7270
= 2.00

= 14541

= 04

= 1910

A-21

AMHUGN A

TERSBHANTATUI
kg
kg

kg
kg
kg

kg

BIAT
mm
mm
mim
mm
mm

mm

mm

kg

kg

mm
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_‘TOLUENE
MSDS Number: T3913

1. Product Identification

Synonyms: Methylbenzene; Toluol; Phenylmethane

CAS No.: 108-88-3

Molecular Weight: 92.14

Chemical Formula: C6H5-CH3

Product Codes:

J.T. Baker: 5375, 5584, 5809, 5812, 9336, 9351, 9364, 9456, 9457, 9459, 9460, 9462,
9466, 9472, 9476

Mallinckrodt: 4483, 8091, 8092, 8604, 8608, 8610, 8611, V560

2. Composition/Information on Ingredients

Ingredient CAS MNo Percent Hazardous

Toluene ‘ 108-88-3 100% Yes

3. Hazards- Identification

Emergency Overview

POISON! DANGER! HARMFUL OR FATAL IF SWALLOWED. HARMFUL IF
INHALED OR ABSORBED THROUGH SKIN. VAPOR HARMFUL.
FLAMMABLE LIQUID AND VAPOR. MAY AFFECT LIVER, KIDNEYS,
BLOOD SYSTEM, OR CENTRAL NERVOUS SYSTEM. CAUSES IRRITATION
TO SKIN, EYES AND RESPIRATORY TRACT.

Rating: 2 - Moderate

Flammability Rating: 3 - Severe (Flammable)

Reactivity Rating: 0 - None

Contact Rating: 1 - Slight

Lab Protective Equip: GOGGLES; LAB COAT; VENT HOOD; PROPER GLOVES;
CLASS B EXTINGUISHER

Storage Color Code: Red (Flammable)
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Potential Health Effects

Inhalation:

Inhalation may cause irritation of the upper respiratory tract. Symptoms of overexposure
may include fatigue, confusion, headache, dizziness and drowsiness. Peculiar skin
sensations (e. g. pins and needles) or numbness may be produced. Very high
concentrations may cause unconsciousness and death.

Ingestion:

Swallowing may cause abdominal spasms and other symptoms that parallel over-
exposure from inhalation. Aspiration of material into the lungs can cause chemical
pneumonitis, which may be fatal.

Skin Contact:

Causes irritation. May be absorbed through skin.

Eye Contact:

Causes severe eye uritation with redness and pain.

Chronic Exposure:

Reports of chronic poisoning describe anemia, decreased blood cell count and bone
marrow hypoplasia. Liver and kidney damage may occur. Repeated or prolonged contact
has a defatting action, causing drying, redness, dermatitis. Exposure to toluene may affect
the developing fetus.

Aggravation of Pre-existing Conditions:

Persons with pre-existing skin disorders or impaired liver or kidney function may be
more susceptible to the effects of this substance. Alcoholic beverage consumption can
enhance the toxic effects of this substance.

First Aid Measures

Inhalation:

If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is
difficult, give oxygen. CALL A PHYSICIAN IMMEDIATELY.

Ingestion:

Aspiration hazard. If swallowed, DO NOT INDUCE VOMITING. Give large quantities
of water. Never give anything by mouth to an unconscious person. Get medical attention
immediately. If vomiting occurs, keep head below hips to prevent aspiration into lungs.
Skin Contact:

In case of contact, immediately flush skin with plenty of soap and water for at least 15
minutes while removing contaminated clothing and shoes. Wash clothing before reuse.
Call a physician immediately.

Eye Contact:

Immediately flush eyes with plenty of water for at least 15 minutes, lifting lower and
upper eyelids occasionally. Get medical attention immediately.

3-5
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5.

Fire Fighting Measures

Fire:

Flash point: 7C (45F) CC

Autoignition temperature: 422C (792F)

Flammable limits in air % by volume:

lel: 3.3; uvel: 19

Flammable liquid and vapor!

Dangerous fire hazard when exposed to heat or flame. Vapors can flow along surfaces to
distant ignition source and flash back.

Explosion:

Above flash point, vapor-air mixtures are explosive within flammable Iimits noted above.
Contact with strong oxidizers may cause fire or explosion. Sensitive to static discharge.
Fire Extinguishing Media:

Dry chemical, foam or carbon dioxide. Water may be used to flush spills away from
exposures and to dilute spills to non-flammable mixtures.

Special Information:

In the event of a fire, wear full protective clothing and NIOSH-approved self-contained
breathing apparatus with full facepiece operated in the pressure demand or other positive
pressure mode. Water spray may be used to keep fire exposed containers cool.

Accidental Release Measures

Ventilate area of leak or spill. Remove all sources of ignition. Wear appropriate personal
protective equipment as specified in Section 8. Isolate hazard area. Keep unnecessary and
unprotected personnel from entering. Contain and recover liquid when possible. Use non-
sparking tools and equipment. Collect liquid in an appropriate container or absorb with
an inert material (e. g., vermiculite, dry sand, earth), and place in a chemical waste
container. Do not use combustible materials, such as saw dust. Do not flush to sewer! If a
leak or spill has not ignited, use water spray to disperse the vapors, to protect personnel
attempting to stop leak, and to flush spills away from exposures. US Regulations
(CERCLA) require reporting spills and releases to soil, water and air in excess of
reportable quantities. The toll free number for the US Coast Guard National Response
Center is (800) 424-8802.

‘Handling and dtorage

Protect against physical damage. Store in a cool, dry well-ventilated location, away from
any area where the fire hazard may be acute. Outside or detached storage is preferred.
Separate from incompatibles. Containers should be bonded and grounded for transfers to
avoid static sparks. Storage and use areas should be No Smoking areas. Use non-sparking
type tools and equipment, including explosion proof ventilation. Containers of this
material may be hazardous when empty since they retain product residues (vapors,
liquid); observe all warnings and precautions listed for the product.

-6
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Exposure Controls/Personal Protection

Airborne Exposure Limits:

Toluene:

- OSHA Permissible Exposure Limit (PEL):

200 ppm (TWA); 300 ppm (acceptable ceiling conc.); 500 ppm (maximum conc.).

- ACGIH Threshold Limit Value (TLV):

50 ppm (TWA) skin, A4 - Not Classifiable as a Human Carcinogen.

Ventilation System:

A system of local and/or general exhaust is recommended to keep employee exposures
below the Airborne Exposure Limits. Local exhaust ventilation is generally preferred
because it can control the emissions of the contaminant at its source, preventing
dispersion of it into the general work area. Please refer to the ACGIH document,
Industrial Ventilation, A Manual of Recommended Practices, most récent edition, for
details.

Personal Respirators (NIOSH Approved):

If the exposure limit is exceeded, a half-face organic vapor respirator may be worn for up
to ten times the exposure limit or the maximum use concentration specified by the
appropriate regulatory agency or respirator supplier, whichever is lowest. A full-face
piece organic vapor respirator may be worn up to 50 times the exposure limit or the
maximum use concentration specified by the appropriate regulatory agency or respirator
supplier, whichever is lowest. For emergencies or instances where the exposure levels are
not known, use a full-face piece positive-pressure, air-supplied respirator. WARNING:
Alir-purifying respirators do not protect workers in oxygen-deficient atmospheres.

Skin Protection:

Wear impervious protective clothing, including boots, gloves, lab coat, apron or
coveralls, as appropriate, to prevent skin contact.

Eye Protection:

Use chemical safety goggles and/or a full face shield where splashing is possible.
Maintain eye wash fountain and quick-drench facilities in work area.

Physical and Chemical Properties

Appearance:

Clear, colorless liquid.

Odor:

Aromatic benzene-like.

Solubility:

0.05 gm/100gm water @ 20C (68F).
Specific Gravity:

086 @20C/4C

pH:

No information found.

% Volatiles by volume @ 21C (70F):
100

Boiling Point:

111C (232F)

Melting Point:

-7
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-95C (-139F)

Vapor Density (Air=1):

3.14

Vapor Pressure (mm Hg):
22 (@ 20C (68F)
Evaporation Rate (BuAc=1):
224

10. Stability and Reactivity

Stability:

Stable under ordinary conditions of use and storage. Containers may burst when heated.
Hazardous Decomposition Products:

Carbon dioxide and carbon monoxide may form when heated to decomposition.
Hazardous Polymerization:

Will not occur.

Incompatibilities:

Heat, flame, strong oxidizers, nitric and sulfuric acids, chlorine, nitrogen tetraoxide; will
attack some forms of plastics, rubber, coatings.

Conditions to Avoid:

Heat, flames, ignition sources and incompatibles.

11. Toxicological Information

Toxicological Data:

Oral rat LD50: 636 mg/kg; skin rabbit LD50: 14100 uL/kg; inhalation rat LC50: 49
gm/m3/4H; Irritation data: skin rabbit, 500 mg, Moderate; eye rabbit, 2 mg/24H, Severe.
Investigated as a tumorigen, mutagen, reproductive effector.

Reproductive Toxicity:

Has shown some evidence of reproductive effects in laboratory animals.

—---NTP Carcinogen---
Ingredient Known Anticipated IARC Category

Toluene {103-88-3) No No 3

12. Ecological Information

Environmental Fate:

When released into the soil, this material may evaporate to a moderate extent. When
released into the soil, this material is expected to leach into groundwater. When released
into the soil, this material may biodegrade to a moderate extent. When released into
water, this material may evaporate to a moderate extent. When released into water, this
material may biodegrade to a moderate extent. When released into the air, this material
may be moderately degraded by reaction with photochemically produced hydroxyl
radicals. When released into the air, this material is expected to have a half-life of less
than 1 day. This material is not expected to significantly bioaccumulate, This material has

3-8
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a log octanol-water partition coefficient of less than 3.0. Bioconcentration factor = 13.2
(eels).
Environmental Toxicity:

This material is expected to be toxic to aquatic life. The LC50/96-hour values for fish are
between 10 and 100 mg/1.

13. Disposal Considerations

Whatever cannot be saved for recovery or recycling should be handled as hazardous
waste and sent to a RCRA approved incinerator or disposed in a RCRA approved waste
facility. Processing, use or contamination of this product may change the waste
management options. State and local disposal regulations may differ from federal
disposal regulations. Dispose of container and unused contents in accordance with
federal, state and local requirements.

14. Transport Information

Domestic (Land, D.O.T.)

Proper Shipping Name: TOLUENE

Hazard Class: 3

UN/NA: UN1294

Packing Group: 11

Information reported for product/size: 390LB

International (Water, .M.O.)

Proper Shipping Name: TOLUENE
Hazard Class: 3.2
UN/NA: UN1294
Packing Group: 11
"Information reported for product/size: 390LB

15. Regulatory Information

———————— \Chemical Inventory Status - Part l\=-—----——=-——=-——--—————————-—— Ingredient
TSCA EC Japan Australia
Toluene (108-88-3) Yes Yes Yes Yes

--Canada—-
Ingredient Korea DSL NDSL Phil.
Teoluene {(108-88-3) Yes Yes No Yes

———————— \Federal, State & International Regulations - Part 1\——=-—---

-SARA 302-  --—--- SARA 313-----—-
[ngredient RQ TEQ List Chemical Catg.

39
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Toluene (108-88-3}) No No Yes No
———————— \Federal, State & International Regulations - Part 2\--------
-RCRA-~ -TSCA-
Ingredient CERCLA 261.33 8 (d)
Toluene (108-88-3) 1000 U220 Ne
Chemical Weapcns Convention: No TSCA 1Z2(b): No CDTA: Yes
SARA 311/312: Acute: Yes Chronic: Yes Fire: Yes Pressure: No
Reactivity: No (Pure / Liquid) -
WARNING:

THIS PRODUCT CONTAINS A CHEMICAL(S) KNOWN TO THE STATE OF
CALTFORNIA TO CAUSE BIRTH DEFECTS OR OTHER REPRODUCTIVE HARM.

Australian Hazchem Code: 3[Y]E

Poison Schedule: S6

WHMIS:

This MSDS has been prepared according to the hazard criteria of the Controlled Products
Regulations (CPR) and the MSDS contains all of the information required by the CPR.

16. Other Information

NFPA Ratings: Health: 2 Flammabiiity: 3 Reactivity: 0

Label Hazard Warning:

POISON! DANGER! HARMFUL OR FATAL IF SWALLOWED. HARMFUL IF
INHALED OR ABSORBED THROUGH SKIN. VAPOR HARMFUL. FLAMMABLE
LIQUID AND VAPOR. MAY AFFECT LIVER, KIDNEYS, BLOOD SYSTEM, OR
CENTRAL NERVOUS SYSTEM. CAUSES IRRITATION TO SKIN, EYES AND
RESPIRATORY TRACT.

Label Precautions:

Keep away from heat, sparks and flame.

Keep container closed.

Use only with adequate ventilation.

Wash thoroughly after handling.

Avoid breathing vapor.

Avoid contact with eyes, skin and clothing.

Label First Aid:

Aspiration hazard, If swallowed, DO NOT INDUCE VOMITING. Give large quantities
of water. Never give anything by mouth to an unconscious person. If vomiting occurs,
keep head below hips to prevent aspiration into lungs. If inhaled, remove to fresh air. If
not breathing, give artificial respiration. If breathing is difficult, give oxygen. In case of
contact, immediately flush eyes or skin with plenty of water for at least 15 minutes.
Remove contaminated clothing and shoes. Wash clothing before reuse. In all cases call a
physician immediately.

Product Use:

Laboratory Reagent.

+10
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METHYL ETHYL KETONE
MSDS Number: M4628

1. Product Identification

Synonyms: 2-Butanone; ethyl methyl ketone; MEK; Methyl acetone
CAS No.: 78-93-3

Molecular Weight; 72.11

Chemical Formula: CH3COCH2CH3

Product Codes:

J.T. Baker: 5385, 5808, 9214, 9319, 9323, Q531

Mallinckrodt: 6206, 6233, 6235, 6240, 6243

2. Composition/Information on Ingredients

Ingredient CAS No Percent Hazardous

Methyl Ethyl Ketone 78-93-3 99 - 100% Yes

3. Hazards Identificatidn

Emergency Overview

DANGER! EXTREMELY FLAMMABLE LIQUID AND VAPOR. VAPOR MAY
CAUSE FLASH FIRE. HARMFUL OR FATAL IF SWALLOWED. HARMFUL IF
INHALED OR ABSORBED THROUGH SKIN. AFFECTS CENTRAL NERVOUS
SYSTEM. CAUSES IRRITATION TO SKIN, EYES AND RESPIRATORY
TRACT.

Health Rating: 2 - Moderate

Flammability Rating: 4 - Extreme (Flammable)

Reactivity Rating: 2 - Moderate

Contact Rating: 2 - Moderate

Lab Protective Equip: GOGGLES; LAB COAT; VENT HOOD; PROPER GLOVES;
CLASS B EXTINGUISHER

Storage Color Code: Red (Flammable)




v 3 o o sl P
mrﬂm:r'mﬂ’ml.ﬂu'lﬂ"lmmn'n‘ﬂm Llﬂ:n'l?lnuﬂﬂuﬂuﬂ'l?’EI'LWI78“7:[“ﬂ¢1ﬂﬂﬂmlaﬂﬂ'ﬂﬂéuTTEI'] N

Potential Health Effects

Inhalation:

Causes irritation to the nose and throat. Concentrations above the TV may cause
headache, dizziness, nausea, shortness of breath, and vomiting. Higher concentrations
may cause ceatral nervous system depression and unconsciousness,

Ingestion:

May produce abdominal pain, nausea. Aspiration into lungs can produce severe lung
damage and is a medical emergency. Other symptoms expected to parallel inhalation.
Skin Contact:

Causes irritation to skin. Symptoms include redness, itching, and pain. May be absorbed
through the skin with possible systemic effects.

Eye Contact: _

Vapors are irritating to the eyes. Splashes can produce parnful irritation and eye damage.
Chronic Exposure:

Prolonged skin contact may defat the skin and produce dermatitis. Chronic exposure may
cause central nervous system effects.

Aggravation of Pre-existing Conditions:

Persons with pre-existing skin disorders or eye problems or impaired respiratory function
may be more susceptible to the effects of the substance. :

First Aid Measures

Inhalation:

Remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult,
give oxygen. Get medical attention.

Ingestion:

Aspiration hazard. If swallowed, vomiting may occur spontaneously, but DO NOT
INDUCE. If vomiting occurs, keep head below hips to prevent aspiration into lungs.
Never give anything by mouth to an unconscious person. Call a physician immediately.
Skin Contact:

Immediately flush skin with plenty of soap and water for at least 15 minutes while
removing contaminated clothing and shoes. Get medical attention. Wash clothing before
reuse. Thoroughly clean shoes before reuse.

Eye Contact: - _
Immediately flush eyes with plenty of water for at least 15 minutes, lifting upper and
lower eyelids occasionally. Get medical attention. '

Fire Fighting Measures

Fire: ,

Flash point: -9C (16F) CC
Autoignition temperature: 404C (759F)
Flammable limits in air % by volume:
lel: 1.4; uel: 11.4

Extremely Flammable.
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Explosion: ,

Above flash point, vapor-air mixtures are explosive within flammable limits noted above.
Vapors can flow along surfaces to distant ignition source and flash back. Contact with
strong oxidizers may cause fire. Sealed containers may rupture when heated. Sensitive to
static discharge,

Fire Extinguishing Media:

Dry chemical, foam or carbon dioxide. Water spray may be used to keep fire exposed
containers cool, dilute spills to nonflammable mixtures, protect personnel attempting to
stop leak and disperse vapors.

Special Information:

In the event of a fire, wear full protective clothing and NIOSH-approved self-contained
breathing apparatus with full facepiece operated in the pressure demand or other positive
pressure mode. This highly flammable liquid must be kept from sparks, open flame, hot
surfaces, and all sources of heat and ignition.

Accidental Release Measures

Ventilate area of leak or spill. Remove all sources of ignition. Wear appropriate personal
protective equipment as specified in Section 8. Isolate hazard area. Keep unnecessary and
unprotected personnel from entering. Contain and recover liquid when possible. Use non-
sparking tools and equipment. Collect liquid in an appropriate container or absorb with
an inert matenal (e. g., vermiculite, dry sand, earth), and place in a chemical waste
container. Do not use combustible materials,-such as saw dust. Do not flush to sewer! If a
leak or spill has not ignited, use water spray to disperse the vapors, to protect personnel
attempting to stop leak, and to flush spills away from exposures. US Regulations
(CERCLA) require reporting spills and releases to soil, water and air in excess of
reportable quantities. The toll free number for the US Coast Guard National Response
Center is (800) 424-8802.

Handling and Storage

Protect against physical damage. Store in a cool, dry well-ventilated location, away from
any area where the fire hazard may be acute. Outside or detached storage is preferred.
Separate from incompatibles. Containers should be bonded and grounded for transfers to
avoid static sparks. Storage and use areas should be No Smoking areas. Use non-sparking
type tools and equipment, including explosion proof ventilation. Containers of this
material may be hazardous when empty since they retain product residues (vapors,
liquid); observe all warnings and precautions listed for the product.

+15
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8.

Exposure Controls/Personal Protection

Airborne Exposure Limits:
-OSHA Permissible Exposure Limit (PEL):
200 ppm (TWA)

-ACGIH Threshold Limit Value (TLV):

200 ppm (TWA), 300 ppm (STEL)

Ventilation System:

A system of local and/or general exhaust is recommended to keep employee exposures
below the Airborne Exposure Limits. Local exhaust ventilation is generally preferred
because it can control the emissions of the contaminant at its source, preventing
dispersion of it into the general work area. Please refer to the ACGIH document,
Industrial Ventilation, A Manual of Recommended Practices, most recent edition, for
details. Use explosion-proof equipment.

Personal Respirators (NIOSH Approved):

If the exposure limit is exceeded, a full facepiece respirator with organic vapor cartridge
may be worn up to 50 times the exposure limit or the maximum use concentration
specified by the appropriate regulatory agency or respirator supplier, whichever is lowest.
For emergencies or instances where the exposure levels are not known, use a full-
facepiece positive-pressure, air-supplied respirator, WARNING: Air purifying respirators
do not protect workers in oxygen-deficient atmospheres.

Skin Protection:

Wear impervious protective clothing, including boots, gloves, lab coat, apron or
coveralls, as appropriate, to prevent skin contact. Butyl rubber is a suitable material for
personal protective equipment.

Eye Protection:

Use chemical safety goggles and/or a full face shield where splashing is possible.
Maintain eye wash fountain and quick-drench facilities in work area.

Physical and Chemical Properties

Appearance:

Clear, colorless liquid.
Odor:

Sharp mint-like odor.
Solubility: 7

29 g in 100 g of water.
Specific Gravity:

0.81 @ 20C/4C

pH:

No information found.
% Volatiles by volume @ 21C (70F):
100

Boiling Point:

80C (176F)

Melting Point:

-86C (-123F)
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Vapor Density (Air=1):
2.5

Vapor Pressure (mm Hg):
78 @ 20C (68F)

Evaporation Rate (BuAc=1):
2.7 (Ether=1)

10. Stability and Reactivity

Stability:

Stable under ordinary conditions of use and storage.

Hazardous Decomposition Products:

Carbon dioxide and carbon monoxide may form when heated to decomposition.
Hazardous Polymerization:

Will not occur.

Incompatibilities:

Oxidizing materials, caustics, amines, ammonia, strong bases, chloroform, chlorosulfonic
acid, oleum, potassium-t-butoxide, heat or flame, hydrogen peroxide, nitric acid. Can
attack many plastics, resins and rubber.

Conditions to Avoid:

Heat, flames, ignition sources and incompatibles.

11. Toxicological Information

Toxicological Data:

Oral rat LD50: 2737 mg/kg; inhalation rat LC50: 23,500 mg/m3/8-hr; skin rabbit LD50:
6480 mg/kg; investigated as a mutagen, reproductive effector.

Reproductive Toxicity:

Has shown teratogenic effects in laboratory animals.

---NTP Carcinocgen---
Ingredient Known Anticipated IARC Category

Methyl Ethyl Ketene (78-93-3) No No None

12. Ecological Information

Environmental Fate:

When released into the soil, this material may leach into groundwater. When released
into the soil, this material may evaporate to a moderate extent. When released into water,
this material mz» biodegrade to a moderate extent. When released into water, this
material may evaporate to a moderate extent. When released into water, this material is
expected to have a half-life between 10 and 30 days. This material is not expected to
significantly bioaccumulate. When released into the air, this material is expected to be
readily degraded by reaction with photochemically produced hydroxy! radicals. When
released into the air, this material is expected to have a half-life between 1 and 10 days.
Environmental Toxicity:

317
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This material is not expected to be toxic to aquatic life. The L.C50/96-hour values for fish
are over 100 mg/l.

13. Disposal Considerations

Whatever cannot be saved for recovery or recycling should be handled as hazardous
waste and sent to a RCRA approved incinerator-or disposed in a RCRA approved waste
facility. Processing, use or contamination of this product may change the waste

- management options. State and local disposal regulations may differ from federal
disposal regulations. Dispose of container and unused contents in accordance with
federal, state and local requirements.

14. Transport Information
Domestic (Land, D.O.T.)

Proper Shipping Name: ETHYL METHYL KETONE
Hazard Class: 3

UN/NA: UN1193

Packing Group: I

Information reported for product/size: 366LB

International (Water, 1.M.O.)

Proper Shipping Name: ETHYL METHYL KETONE
Hazard Class: 3.2

UN/NA: UN1193

Packing Group: I1

Information reported for product/size: 366L.B

15. Regulatory Information

--------\Chemical Inventory Status - Part I\-—-—----——=w-——om————————

Ingredient TSCA EC Japan Australia
Methyl Ethyl Ketone (78-93-3) Yes Yes Yes Yes
———————— \Chemical Inventory Status - Part 2\--—--w---—---—o——m————on

~-Canada--

Ingredient Korea DSL NDSL Phil.
Methyl Ethyl Ketone (78-93-3) Yes Yes No Yes

———————— \Federal, State & International Regulations - Part 1y\--------

-SARA 302-  --—--- SARA 313------
Ingredient RD TEQ List Chemical Catg.
Methyl Ethyl Ketone {(78-93-3) No Ho Yes No

1-18
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-------- \Federal, State & International Regulations - Part 2\--------

-RCRA~ -TSCA-
Ingredient CERCLA 261.33 8 (d}
Methyl Ethyl Ketone (78-93-3) 5000 U159 No
Chemical Weapons Convention: HNc TSCA 12(b): No CDTA: Yes
SARA 311/312: Acute: Yes Chronic: Yes Fire: Yes Pressure: No

Reactivity: No {Pure / Liguid)

Australian Hazchem Code: 2[Y]E

Poison Schedule: S5

WHMIS:

This MSDS has been prepared according to the hazard criteria of the Controlled Products
Regulations (CPR) and the MSDS contains all of the information required by the CPR.

16. Other Information

NFPA Ratings: Health: 3 Flammability: 3 Reactivity: 0

Label Hazard Warning:

DANGER! EXTREMELY FLAMMABLE LIQUID AND VAPOR. VAPOR MAY
CAUSE FLASH FIRE. HARMFUL OR FATAL IF SWALLOWED. HARMFUL IF
INHALED OR ABSORBED THROUGH SKIN. AFFECTS CENTRAL NERVOUS
SYSTEM. CAUSES IRRITATION TO SKIN, EYES AND RESPIRATORY TRACT.
Label Precautions:

Keep away from heat, sparks and flame.

Keep container closed.

Use only with adequate ventilation.

Wash thoroughly after handling.

Avoid breathing vapor.

Avoid contact with eyes, skin and clothing.

Label First Aid:

Aspiration hazard. If swallowed, vomiting may occur spontaneously, but DO NOT
INDUCE. If vomiting occurs, keep head below hips to prevent aspiration irto lungs.
Never give anything by mouth to an unconscious person. In case of contact, immediately
flush eyes or skin with plenty of water for at least 15 minutes while removing
contaminated clothing and shoes. Wash clothing before reuse. If inhaled, remove to fresh
air. If not breathing, give artificial respiration. If breathing is difficult, give oxygen. In all
cases, get medical attention.

Product Use:

Laboratory Reagent.
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CYCLOHEXANONE
MSDS Number: C7051

1. Product Identification

Synonyms: Pimelic ketone; Cyclohexyl ketone; Ketohexamethylene
CAS No.: 108-94-1

Molecular Weight: 98.14

Chemical Formula: C6H100

Product Codes:

J.T. Baker: 5881, 5882, 9209, 9210, G032

Mallinckrodt: 4872, 4876

2. Composition/Information on Ingredients

Ingredient CAS No Percent Hazardous

Cyclohexanone 108-94-1 99 - 100% Yes

3. Hazards Identification

Emergency Overview

WARNING! FLAMMABLE LIQUID AND VAPOR. HARMFUL IF
SWALLOWED, INHALED OR ABSORBED THROUGH SKIN. AFFECTS
CENTRAL NERVOUS SYSTEM, LIVER AND KIDNEYS. CAUSES
IRRITATION TO SKIN, EYES AND RESPIRATORY TRACT.

Health Rating: 2 - Moderate

Flammability Rating: 2 - Moderate

Reactivity Rating: 1 - Slight

Contact Rating: 2 - Moderate

Lab Protective Equip: GOGGLES; LAB COAT; VENT HOOD; PROPER GLOVES;
CLASS B EXTINGUISHER.

Storage Color Code: Red (Flammable)
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Potential Health Effects

Inhalation:

Causes irritation to the respiratory tract. Symptoms may include coughing, shortness of
breath. High concentrations have a narcotic effect. Irritation effects normally prevent
exposures high enough to cause systemic effects.

Ingestion:

May produce abdominal pain, nausea. Aspiration into lungs can produce severe lung
damage and is a medical emergency. Other symptoms expected to parallel inhalation.
Skin Contact:

Causes irritation to skin. Symptoms include redness, itching, and pain. May be absorbed
through the skin with possible systemic effects.

Eye Contact:

Vapors may cause irritation. Contact may cause corneal injury.

Chronic Exposure:

Prolonged or repeated exposure may cause skin rash or dermatitis. Damage to the liver
and kidneys may occur.

Aggravation of Pre-existing Conditions:

Persons with pre-existing skin, eye or central nervous system disorders, or impaired liver,
kidney, or pulmonary function may be more susceptible to the effects of this substance.

First Aid Measures

Inhalation:

Remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult,
give oxygen. Call a physician.

Ingestion:

Give large amounts of water to drink. Never give anything by mouth to an unconscious
person. Get medical attention.

Skin Contact:

In case of contact, immediately flush skin with plenty of water for at least 15 minutes
while removing contaminated clothing and shoes. Wash clothing before reuse. Call a
physician. A

Eye Contact:

‘Immediately flush eyes with plenty of water-for at least 15 minutes, lifting lower and

upper eyelids occasionally. Get medical attention immediately.

Note to Physician:

In small ingestions the major concern is aspiration and gastrointestinal decontamination
1s not recommended. With larger ingestions there is potential for systemic toxicity from
gastrointestinal absorption and decontamination is suggested, keeping in mind that
aspiration is still a concern.
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Fire Fighting Measures

Fire:

Flash point: 43.9C (111F)

Autoignition temperature: 420C (788F)

Flammable limits in air % by volume:

lel: 1.1; uel: 9.4

Flammable. ( lel @ 100C )

Explosion:

Above flash point, vapor-air mixtures are explosive within flammable limits noted above.
Vapors can flow along surfaces to distant ignition source and flash back. Contact with
strong oxidizers may cause fire. Sealed containers may rupture when heated. Sensitive to
static discharge. '

Fire Extinguishing Media: _

Dry chemical, foam or carbon dioxide. Water spray may be used to keep fire exposed
containers cool, dilute spills to nonflammable mixtures, protect personnel attempting to
stop leak and disperse vapors.

Special Information:

In the event of a fire, wear full protective clothing and NIOSH-approved self-contained
breathing apparatus with full facepiece operated in the pressure demand or other positive
pressure mode.

Accidental Release Measures

Ventilate area of leak or spill. Remove all sources of ignition. Wear appropriate personal
protective equipment as specified in Section 8. Isolate hazard area. Keep unnecessary and
unprotected personnel! from entering. Contain and recover liquid when possible. Use non-
sparking tools and equipment. Collect liquid in an appropriate container or absorb with
an inert material (e. g., vermiculite, dry sand, earth), and place in a chemical waste
container. Do not use combustible materials, such as saw dust. Do not flush to sewer! If a
leak or spill has not ignited, use water spray to disperse the vapors, to protect personnel
attempting to stop leak, and to flush spills away from exposures. US Regulations
(CERCLA) require reporting spills and releases to soil, water and air in excess of
reportable quantities. The toll free number for the US Coast Guard National Response
Center is (800) 424-8802.

Handling and Storage

Protect against physical damage. Store in a cool, dry well-ventilated location, away from
any area where the fire hazard may be acute. Outside or detached storage is preferred.
Separate from incompatibles. Containers should be bonded and grounded for transfers to
avoid static sparks. Storage and use areas .hould be No Smoking areas. Use non-sparking
type tools and equipment, including explosion proof ventilation. Containers of this
material may be hazardous when empty since they retain product residues (vapors,
liquid); observe all warnings and precautions listed for the product.
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8.

Exposure Controls/Personal Protection

Airborne Exposure Limits:
-OSHA Permissible Exposure Limit (PEL): 50 ppm

-ACGIH Threshold Limit Value (TLV): 25 ppm (TWA) skin

Ventilation System:

A system of local and/or general exhaust is recommended to keep employee exposures
below the Airborne Exposure Limits. Local exhaust ventilation is generally preferred
because it can control the emissions of the contaminant at its source, preventing
dispersion of it into the general work area. Please refer to the ACGIH document,
Industrial Ventilation, A Manual of Recommended Practices, most recent edition, for
details.

Personal Respirators (NIOSH Approved):

If the exposure limit is exceeded, a half-face organic vapor respirator may be worn for up
to ten times the exposure limit or the maximum use concentration specified by the
appropriate regulatory agency or respirator supplier, whichever is lowest. A full-face
piece organic vapor respirator may be worn up to 50 times the exposure limit or the
maximum use concentration specified by the appropriate regulatory agency or respirator
supplier, whichever is lowest. For emergencies or instances where the exposure levels are
not known, use a full-face piece positive-pressure, air-supplied respirator. WARNING:
Air-purifying respirators do not protect workers in oxygen-deficient atmospheres

Skin Protection:

Wear impervious protective clothing, including boots, gloves, lab coat, apron or
coveralls, as appropriate, to prevent skin contact.

Eye Protection:

Use chemical safety goggles and/or a full face shield where splashlng is possible.
Maintain eye wash fountain and quick-drench facilities in work area.

- 15% in water (@ 10C (50F).

Physical and Chemical Properties

Appearance:

Clear, colorless to slightly yellow, oily liquid.
Odor: h

Odor is like acetone and peppermint.
Solubility:

Specific Gravity:

0.94 @ 25C/4C

pH:

No information found.

% Volatiles by volume @ 21C (70F):
100

Boiling Point:

155C (311F)

Melting Point:

-31C (-24F)
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Vapor Density (Air=1):

3.4

Vapor Pressure (mm Hg):

5 @ 26C (79F)

Evaporation Rate (BuAc=1):
0.29

10. Stability and Reactivity

Stability:

Stable under ordinary conditions of use and storage.

Hazardous Decomposition Products:

Carbon dioxide and carbon monoxide may form when heated to decomposition.
Hazardous Polymerization: '

Will not occur.

Incompatibilities:

Strong oxidizing agents. May cause spontaneous ignition and violent reaction. May
attack plastics, resins, and rubber.

Conditions to Avoeid:

Heat, flames, ignition sources and incompatibles.

R s - T s Qi S s T T T 3 = S s

11. Toxicological Information

Oral rat LD50: 1620 mg/kg; Inhalation rat LC50: 8000ppm/4-hour; Skin rabbit LD50: 1
mL/kg; Irritation: eye rabbit, Standard Draize: 20 mg, severe; skin rabbit, Open Draize:
500 mg, mild. Investigated as a tumorigen, mutagen and reproductive effector.

-—-=NTP Carcinogen---
Ingredient Known Anticipated IARC Category

Cyclohexanone ({108-94-1) No No 3

12. Ecological Information

Environmental Fate;

When released into the soil, this material is expected to readily biodegrade. When
released into the soil, this material is expected to quickly evaporate. When released into
the soil, this material is expected to leach into groundwater. When released into water,

. this material may evaporate to a moderate extent. When released into water, this material
may biodegrade to a moderate extent. This material has an estimated bioconcentration
factor (BCF) of less than 100. This material is not expected to significantly
bivaccumulate. When released into the air, this matenal is expected to be readily
degraded by reaction with photochemically produced hydroxyl radicals. When released
into the air, this material is expected to have a half-life between 1 and 10 days.
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Environmental Toxicity:
The L.C50/96-hour values for fish are over 100 mg/l.

13. Disposal Considerations

Whatever cannot be saved for recovery or recycling should be handled as hazardous
waste and sent to a RCRA approved incinerator or disposed in a RCRA approved waste
facility. Processing, use or contamination of this product may change the waste
management options. State and local disposal regulations may differ from federal
disposal regulations. Dispose of container and unused contents in accordance with
federal, state and local requirements.

14. Transport Information
Domestic {Land, D.O.T.)

Proper Shipping Name: CYCLOHEXANONE
Hazard Class: 3

UN/NA: UN1915

Packing Group: 111

Information reported for product/size: 425LB

International (Water, 1. M.Q.)

Proper Shipping Name: CYCLOHEXANONE
Hazard Class: 3.3 ' '
UN/NA: UNI1915

Packing Group: III

Information reported for product/size: 425L.B

International (Air, 1.C.A.O.)

Proper Shipping Name: CYCLOHEXANONE
Hazard Class: 3

UN/NA: UN1915

Packing Group: HI

Information reported for product/size: 4251.B

~ 15. Regulatory Information

———————— \Chemical Inventory Status - Part I1\--———--w------mmo—mmmmmmmm e
Ingredient TSCA EC Japan Australia

Cyclohexanone (108-94-1) Yes Yes Yes Yes

--Canada--
Ingredient Korea DSL NDSL Phil.
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Cyclohexanone (108-94-1) Yes Yes No Yes

———————— \Federal, State & International Regulations - Part 1\-—-—====-—-—c——-—

-SARA 302- « ——-me- SARA 313------
Ingredient RQ TPQ List Chemical Catg.
Cyclohexanone (108-384-1) No No No No
———————— \Federal, State & Internatiocnal Regulations - Part 2\----——-——-=me———n

-RCRA- -TSCA-

Ingredient CERCLA 261.33 8(d)
Cyclohexanone (108-94-1} 5000 0057 No
Chemical Weapons Conventicon: No TSCA 12(b): No CDTA: No
SARA 311/312: Acute: Yes Chronic: Yes Fire: Yes Pressure: No

Reactivity: No (Pure / Liquid)

Australian Hazchem Code: 3[Y]

Poison Schedule: No information found.

WHMIS:

This MSDS has been prepared according to the hazard criteria of the Controlled Products
Regulations (CPR) and the MSDS contains all of the information required by the CPR.

16. Other Information

NFPA Ratings: Health: 1 Flammability: 2 Reactivity: 0

Label Hazard Warning:

WARNING! FLAMMABLE LIQUID AND VAPOR. HARMFUL IF SWALLOWED,
INHALED OR ABSORBED THROUGH SKIN. AFFECTS CENTRAL NERVOUS
SYSTEM, LIVER AND KIDNEYS. CAUSES IRRITATION TO SKIN, EYES AND
RESPIRATORY TRACT.

Label Precautions:

Avoid contact with eyes, skin and clothing.

Avoid breathing vapor or mist.

Keep container closed.

Keep away from heat, sparks and flame.

Wash thoroughly after handling.

Use only with adequate ventilation.

Label First Aid:
If swallowed, give large amounts of water to drmk Never give anything by mouth to an

unconscious person. If inhaled, remove to fresh air. If not breathing, give artificial
respiration. If breathing is difficult, give oxygen. In case of contact, immediately flush
eyes or skin with plenty of water for at least 15 minutes while removing contaminated
clothing and shoes. Wash clothing before reuse. In all cases call a physician.

Product Use:

Laboratory Reagent.
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N-BUTYL ACETATE
MSDS Number: B6184 --- Effective Date: 08/31/00

1. Product Identification

Synonyms: 1-Butyl acetate; butyl ethanoate; acetic acid, n-buty! ester
CAS No.: 123-86-4

Molecular Weight: 116.16

Chemical Formula: C6H1202

Product Codes:

J.T. Baker: 5365, 5681, 9159, 9161, 9164, 9171, 9173, 9191, D683
Mallinckrodt: 1820, H984

2. Composition/Information on Ingredients

Ingredient CAS No Percent Hazardous

n-Butyl Acetate 123-86-4 90 - 100% Yes

3. Hazards Identification

Emergency Overview

WARNING! FLAMMABLE LIQUID AND VAPOR. HARMFUL IF
SWALLOWED OR INHALED. CAUSES SEVERE IRRITATION TO EYES.
CAUSES IRRITATION TO SKIN AND RESPIRATORY TRACT. AFFECTS
CENTRAL NERVOUS SYSTEM.

Health Rating: 1 - Slight

Flammability Rating: 3 - Severe (Flammable}

Reactivity Rating: 1 - Slight

Contact Rating: 1 - Slight

Lab Protective Equip: GOGGLES; LAB COAT; VENT HOOD; PROPER GLOVES;
CLASS B EXTINGUISHER

Storage Color Code: Red (Flammable)
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Potential Health Effects

Inhalation:

Causes irnitation to the respiratory tract. Symptoms may include coughing, shortness of
breath. High concentrations have a narcotic effect.

Ingestion:

Irritant to tissues. Sore throat, abdominal pain, nausea, vemiting, diarrhea are the -
symptoms. Expected to have a narcotic effect. One ounce may produce severe poisoning.
Skin Contact: :

This material degreases the skin. [rritation and discoloration of the skin are symptoms.
Skin allergy occasionally develops. Persons who have become allergic can develop rash
upon future exposure to low levels.

Eye Contact:

Vapors cause eye irritation. Splashes cause severe irritation, possible corneal burns and
eye damage.

Chronic Exposure:

Repeated or prolonged skin contact may defat the skin and produce irritation and
dermatitis. Kidney and liver damage are reported in animals.

Aggravation of Pre-existing Conditions:

Persons with pre-existing skin disorders or eye problems, or impaired liver, kidney or
respiratory function may be more susceptible to the effects of the substance.

First Aid Measures

Inhalation:

Remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult,
give oxygen. Get medical attention,

Ingestion:

Induce vomiting immediately as directed by medical personnel. Never give anything by
mouth to an unconscious person. Get medical attention.

Skin Contact:

Immediately flush skin with plenty of soap and water for at least 15 minutes. Remove
contaminated clothing and shoes. Get medical attention. Wash clothing before reuse.
Thoroughly clean shoes before reuse.

Eye Contact: 7 : -

Immediately flush eyes with plenty of water for at least 15 minutes, lifting lower and
upper eyelids occasionally. Get medical attention immediately.

Fire Fighting Measures

Fire:

Flash point: 26C (79F) CC
Autoignition temperature: 425C (797F)
Flammable limits in air % by volume:
lel: 1.7; uel: 7.6
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Explosion:

Above flash point, vapor-air mixtures are explosive within flammable limits noted above.
Vapors can flow along surfaces to distant ignition source and flash back. Sensitive to
static discharge.

Fire Extinguishing Media:

Dry chemical, alcohol foam or carbon dioxide. Water may be ineffective. Water spray
may be used to keep fire exposed containers cool.

Special Information:

In the event of a fire, wear full protective clothing and NIOSH-approved self-contained
breathing apparatus with full facepiece operated in the pressure demand or other positive
pressure mode.

Accidental Release Measures

Ventilate area of leak or spill. Remove all sources of ignition. Wear appropriate personal
protective equipment as specified in Section 8. Isolate hazard area. Keep unnecessary and
unprotected personnel from entering. Contain and recover liquid when possible. Use non-
sparking tools and equipment. Collect liquid in an appropriate container or absorb with
an inert material (e. g., vermiculite, dry sand, earth), and place in a chemical waste
container. Do not use combustible matertals, such as saw dust. Do not flush to sewer! US
Regulations (CERCLA) require reporting spills and releases to soil, water and air in -
excess of reportable quantities. The toll free number for the US Coast Guard National
Response Center is (800) 424-8802. If a leak or spill has not ignited, use water spray to
disperse the vapors, to protect personnel attempting to stop leak, and to flush spilis away
from exposures.

Handling and Storage

Protect against physical damage. Store in a cool, dry well-ventilated location, away from
any area where the fire hazard may be acute. Outside or detached storage is preferred.
Separate from incompatibles. Containers should be bonded and grounded for transfers to
avoid static sparks. Storage and use areas should be No Smoking areas. Use non-sparking
type tools and equipment, including explosion proof ventilation. Do Not attempt to clean

~ empty containers since residue is difficult to remove. Do not pressurize, cut, weld, braze,

solder, drill, grind or expose such containers to heat, sparks, flame, static electricity or
other sources of ignition: they may explode and cause injury or death. Containers of this
material may be hazardous when empty since they retain product residues (vapors,
liquid); observe all warnings and precautions listed for the product.
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8.

Exposure Controls/Personal Protection

Airborne Exposure Limits:

-OSHA Permissible Exposure Limit (PEL):

150 ppm (TWA)

- ACGIH Threshold Limit Value (TLV)

150 ppm (TWA), 200 ppm (STEL) _

Ventilation System: _

A system of local and/or general exhaust is recommended to keep employee exposures
below the Aitborne Exposure Limits. Local exhaust ventilation is generally preferred
because it can control the emissions of the contaminant at its source, preventing
dispersion of it into the general work area. Please refer to the ACGIH document,
Industrial Ventilation, A Manual of Recommended Practices, most recent edition, for
details. Use explosion-proof equipment.

Personal Respirators (NIOSH Approved):

If the exposure limit is exceeded, a half-face organic vapor respirator may be worn for up
to ten times the exposure limit or the maximum use concentration specified by the
appropriate regulatory agency or respirator supplier, whichever is lowest. A full-face
piece organic vapor respirator may be worn up to 50 times the exposure limit or the
maximum use concentration specified by the appropriate regulatory agency or respirator
supplier, whichever is lowest. For emergencies or instances where the exposure levels are
not known, use a full-face piece positive-pressure, air-supplied respirator. WARNING:
Air-purifying respirators do not protect workers in oxygen-deficient atmospheres.

Skin Protection:

- Wear impervious protective clothing, including boots, gloves, lab coat, apron or

coveralls, as appropriate, to prevent skin contact.

Eye Protection:

Maintain eye wash fountain and quick-drench facilities in work area. Use chemical safety
goggles and/or full face shield where dusting or splashing of solutions is possible.

Physical and Chemical Properties

Appearance: N

Clear, colorless liquid.

Odor:

Mild, fruity odor.

Solubility:

Slightly soluble in water (ca. 0.7% @ 20C)
Specific Gravity:

0.8822 at 20C/20C

pH:

No information found.

% Volatiles by volume @ 21C (70F):
100

Boiling Point:

126C (259F)

Melting Point:

-77C (-107F)
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Vapor Density (Air=1):

4.0

Vapor Pressure (mm Hg):

15 @ 25C (77F)

Evaporation Rate (BuAc=1):
1

10. Stability and Reactivity

Stability:

Stable under ordinary conditions of use and storage.

Hazardous Decomposition Products:

Carbon dioxide and carbon monoxide may form when heated to decomposition.
Hazardous Polymerization:

Will not occur.

Incompatibilities:

Dangerous when exposed to heat or flame; can react with oxidizing materials, strong
alkalis, acids, nitrates and potassium-tert-butoxide.

Conditions to Avoid:

Heat, flames, ignition sources and incompatibles,

11. Toxicological Information

Toxicological Data:

Oral rat LD50: 10.8 g/kg; inhalation rat L.C50: 2000 ppm/4H; Skin rabbit LD50: 17,600
mg/kg; Irritant, skin rabbit (Std. Draize): 500 mg/24H, moderate. Irritant, eye rabbit: 20
mg open, severe. Investigated as a reproductive effector.

Reproductive Toxicity:
Has shown teratogenic effects in laboratory animals.

---NTP Carcinogen---
Ingredient Known Anticipated IARC Category

n-Butyl Acetate (123-86-4) No Na None

12. Ecological Information

Environmental Fate:
When released into the soil, this material is expected to readily biodegrade. When

released into the soil, this material may leach into groundwater. When released into the
soil, this material is expected to have a half-life of less than | day. When released into
water, this material is expected to readily biodegrade. When released into the water, this
material is expected to have a half-life between 1 and 10 days. This material has an
estimated bioconcentration factor (BCF) of less than 100. When released into the air, this
material may be moderately degraded by reaction with photochemically produced

hydroxyl radicals.
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Environmental Toxicity:
The LC50/96-hour values for fish are between 10 and 100 mg/1.

13. Disposal Considerations

Whatever cannot be saved for recovery or recycling should be handled as hazardous
waste and sent to a RCRA approved waste facility. Processing, use or contamination of
this product may change the waste management options. State and local disposal
regulations may differ from federal disposal regulations. Dispose of container and unused
contents in accordance with federal, state and local requirements.

14. Transport Information

Domestic (Land, D.O.T.)

Proper Shipping Name: BUTYL ACETATES
Hazard Class: 3

UN/NA: UN1123

Packing Group: II1

Information reported for product/size: 400LB

International (Water, I.LM.O.)

Proper Shipping Name: BUTYL ACETATES
Hazard Class: 3.3

UN/NA: UN1123

Packing Group: III

Information reported for product/size: 400LB

15. Regulatory Information

———————— \Chemical Inventory Status - Part 1\---——-——---—-—--om o ——
Ingredient TSCA EC Japan Australia

rn-Butyl Acetate (123-86-4) Yes Yes YTes Yes

-~Canada--
Ingredient Korea DSL NDSL  Phil.
n-Butyl Acetate (123-86-4} Yes Yes No Yes

———————— \Federal, State & International Regulations - Part 1\-——--—-~-—-——-—--

-SARA 302-  -—--=-- SARA 313------
Ingredient RO TP List¥™Chemical Catg.
n-Butyl Acetate (123-86-4) No No No No
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-------- \Federal, State & International Regulations - Part 2\-—--—-—=-——---—o—

-RCRA-~ ~TSCA-
Ingredient CERCLA 261.33 8{d)
n-Butyl Acetate (123-86-4) 5000 No No
Chemical Weapons Conventicn: No TSCA 12(b): Yes CDTA: No
SARA 311/312: Acute: Yes Chronic: Yes Fire: Yes Pressure: No

Reactivity: No (Pure / Liguid)

Australian Hazchem Code: 3[Y]E

Poison Schedule: No information found.

WHMIS:

This MSDS has been prepared according to the hazard criteria of the Controlled Products
Regulations (CPR) and the MSDS contains all of the information required by the CPR.

16. Other Information

NFPA Ratings: Health: 1 Flammability: 3 Reactivity: 0

Label Hazard Warning: .

WARNING! FLAMMABLE LIQUID AND VAPOR. HARMFUL IF SWALLOWED
OR INHALED. CAUSES SEVERE IRRITATION TO EYES. CAUSES IRRITATION
TO SKIN AND RESPIRATORY TRACT. AFFECTS CENTRAL NERVOUS
SYSTEM.

Label Precautions:

Keep away from heat, sparks and flame.

Keep container closed.

Use only with adequate ventilation.

Avoid contact with eyes, skin and clothing.

Wash thoroughly after handling.

Avoid breathing vapor.

Label First Aid: A
In case of contact, immediately flush eyes or skin with plenty of water for at least 15
minutes. Remove contaminated clothing and shoes. Wash clothing before reuse. If
inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is
difficult, give oxygen. If swallowed, induce vomiting immediately as directed by medical
personnel. Never give anything by mouth to an unconscious person. In all cases, get
medical attention.

Product Use:

Laboratory Reagent.
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