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Mpo6Aoyog

H TTTUXI0KN) £pyacia TTou akoAouBEei aTToTEAE TNV TEAIKN Epyacia oTO TTAQICIO TWV
OTTOUdWV POU OTO TUAPA Mnxavikwy AuTOuaTIOPOU TNG ZXOANG TEXVOAOYIKWV
E@apuoywv Tou AAe€avdpeiou TElI ©@eooalovikng Kal To BEua TTou TTpayuaTeUETal gival

N TTEIPAUATIKY EYKATACOTAON JOVADdAG KATAOKEUNRG TUTTWHEVWY KUKAwATWY (PCB).

2T0 onueio autd, Ba ABeAa va euxapioTRow 60€g Kal Gooug BorBnoav oTnv EKTTOVNoN
NG epyaciag. Idiaitepa Ba NBeAa va eKPPACW TIG EUXAPIOTIEG JOU OTOV ETTIBAETTOVTA
Kabnynth pou K. KiZripoyAou MixanA yia Tnv gUTTioToouvn TToU hou €0€IEE, KaBwG Kal Tnv
KaBodrynon TTou Jou TTPOCEPEPE, XWPIG TNV oTToia N 0AOKA\pwaon TNG epyaciag Ba

nTav aduvarn.

EmimmAéov, euxapiotw Bepud Toug ouvadéApoug Mouparion MNavayiwTtn Kal TooTakn
XapAGAQUTTO YIO TNV ETTOIKODOMNTIKI) CUVEPYATIO PHAG OTO TTEIPANATIKO OKEAOG TNG

Epyaciog.



NEPIAHWH

H T1apouoca €psuva a@opd Tnv TIEIPAMOTIKA €yKATACOTOON KOl AVATITUEN MOVAdAg
KATOOKEUNG TUTTWHEVWY KUKAWMATWY (PCBs). Zuykekpiyéva PeAETd Tn oxediaon Kal
METETTEITA KATAOKEUN TUTTWHEVWY KUKAWMATWY. MpwTto BANa ATav n dnuioupyia Kal o
eCOTTANIONOG €vOG epyacTnpiou TTou Ba eEUTTNPEETE TNV KATOOKEUN TTAaKeTWY PCB 01O
XWpo Tou AAegavdpeiou Texvoloyikou EktraideuTikou Idpupatog. ‘'YoTtepa, péoa atmo
OEIPA TTEIPAUATWY XPNOIKMOTTOIWVTAG TN HEBODO TNG PwTOAIBoypagiag, Tou developing kai
TNG atroxdAkwong (CU etching) TTpoxwpAoape 0TV KATOOKEUN TTOAWYV delypudTwy PCB.
Méow auTAG TNG O€IPAG DOKINOCIWY KATOPEPAME va TTETUXOUUE TOV KUPIO OTOXO TNG
€pPEUVOG O OTTOI0G ATAV N OUVTOEN MIOG OUYKEKPIUEVNG HEBOBOAOYIOG KATAOKEUAG

TTAaKeETWV PCB 0TO XWpPOo Tou gpyacTnpiou.



ABSTRACT

This research focuses on the experimental setup and development of a printed circuit
board (PCB) manufacturing unit. Specifically, it examines the design and subsequent
production of printed circuit boards. The first step was the establishment and equipping
of a laboratory dedicated to PCB fabrication at the Alexander Technological Educational
Institute. Following this, a series of experiments were conducted using photolithography,
developing, and copper etching methods to produce several PCB samples. Through
these trials, the main objective of the research was achieved: the development of a

specific methodology for PCB fabrication within the laboratory.
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Ke@dAaio 1: NMAakéteg TuTtTwpéEVWY KukAwpdatwy (PCB)

loTopik Avadpoun

To 1903 atroTéAeoe Xpovid opdoNMO Yia TNV TEXVOAoyia TTou cuuTreplEAduBave Ta dUo
akOAouBa onuavTikdTEpa eTTITEUYHATA. O1 adeAgpoi Wright ékavav 1rTrion oTto Kitty Hawk
Kal 0 Marconi atrédeige o1 Tav duvartr) N acUpuaTn ETTIKOIVWVIa oTov ATAAVTIKO QKeavo.
Qotoéoo, 10 1903 utApée aKOPN €va ONUAVTIKO TEXVIKO OPOCNUO HME ONUAVTIKA
ETTAKOAOUBA. ZTNV TTPAYMATIKOTNTA, N EPEVPEDT OTNV OTToIa Ba ava@epBoUUE UTTEPTEPET
EvavTl TwV GAAWV Kal  Xwpig auTtriv OAa Ta NAEKTPOVIKA, CUUTTEPIAQUBAVONEVWY TWV
NAEKTPOVIKWYV UTTOAOYIOTWYV Kal TwV PDA, 01 HETOPOPEG, OI TNAETTIKOIVWVIES, N NAEKTPIKN

evépyela Kal TToOAAG dAAa TTpoidvTa dgv Ba putTopoucayv va Uttdpéouv.

To TnAeypa@ikd KAEIDi Tou Morse uTrrpxe Non yia TTevhvTa Xpovia kai n Western Union
Company Aciroupyouoe non picd aiwva. O Graham Bell gixe epeupel TNV TNAEQWVIKA
ETTIKOIVWVIA KI €TO1 TO TNAEQPWVO Kal TO TNAEYpA®NUA NTAV OUCIACTIKOI OUVOECHOI
ETTIKOIVWVIAG yia OAEG TIG xwpeg. O Marconi gixe dN YETAdWOEI NVUUATa o€ OAOKANPO
Tov ATAQVTIKO Kal Aiya xpovia 1piv 0 Fleming TteAgiotroinoe Tov CwArva Kevou,
onuioupynbnke n TpwTtn diodog (n PaApBida Fleming) ka1 o Lee De Forest Ba

KATOOKEUAOEI TOV TTPWTO eVIOXUTH TpIGdou (Audion) ye acuppaTn HETAdOON.

H veodnuioupynBeioa nAekTpovikf PBiounxavia, €meKTABNKE TAXEWG, ONUIOUPYWVTAG
avaykn yia KUKAwPata Padikng Tapaywyns. Ta TNAEQWVIKG cuoThuaTa atrairoucav

XEIPOKIVNTEG HOVAOEC METAYWYAGS ) KOVOOAeC PBX, o1 oTroie¢ Ba €TTETPETTAV GTOUG
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XEIPIOTEG VA TTPAYMATOTTIOIOUV OUVOECEIG YPAUMNG. Ta oAoéva Kal TTIo TTOAUTTAOKQ
KUKAWMOTA padlocUXVOTHTWV XPEIAZovTav Yia eVAANOKTIKA AUCN yia TNV KOUPAGTIKH Kal
XPovoBopa KaAwdIiwaon €pOoov n TeEXVOAOyia E€TTEKTEIVOTAV dlapKwe. H Brounxavia
NAEKTPOVIKWV €I0WV ATTAITOUCE TEXVOAOYIO KUKAWUATWY TTOU Ba €TTETPETTE PACIKA

TTAPAYWYI] KAl QUTOUATOTTOINGN.

H évvola Tou KUKAWMATOG

To 1903 o Albert Hanson atmd 10 BegpoAivo oTdXeuoe oTnv €TmiAucn TNG avAaykng
TNAEQWVIKOU KévTpou. H diadikacia Hanson, av kal 6gv ATav pia TTpaypatikg né6odog
«TUTTWHEVOU KUKAWMPOTOG» ATAV N akdAouBn: To PETOAAIKO QUAAO apXIKA KOTTNKE R
oQPAyYIioTNKE TTPOG Ta TIPOTUTTA TWV aywywv. Ta ixvn XoAkoUu 1 opeixaAkou
OUYKOANABNKaV pe KOAAQ O€ TTapa@IVWPEVO XapTi. AUTO €ival n TTPWTN TEKPNPIWHEVN
EQPEUPEDN KUKAWPATOG.

Ouwg o Hanson TpooBece KATTOIEG KAIVOTOMIEG TTOU BewpolvTal «OUYXPOVEGH
KUKAWUOTIKEG apxéG. Eixe nAdn ouveldnrotroifoel TN PEYAAn onuacia NG uWwnAng
TTUKVOTNTAG KI €TO1I OXEOIAOE TA KUKAWMPATA TOU ME Aywyoug Kal oTIG dUO TTAEUPEG.
Avayvwpifovtag eTTiong OTI 01 CUVOECEIG PETAEU TWV OTPWHATWY ATAV ATTOQPACIOTIKAG
onpaciag, TpdoBeoe oTTéEC TTPOCRACNG YIa VO ETITPEWEI TNV ETTIAEKTIKA OUVOEDN avApeoa
OTOUG AVW Kal TOUG KATW aywyous. Av Kal Ol CUVOEOEIC ATAV OKATEPYAOTEG, TTEPIYPAPEI
OaQWS TO KUKAwMA dlauTrepwyv oTtwv BITTAAS 6wng. O Hanson utrooTrpige 0TI O aywyoi

Ba umopoucav va OXNMATIOTOUV ETTi TOTTOU ME NAEKTPOEVOTTO0EON 1 ME E€QAPUOYN
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METAAAIKNG OKOVNG 0€ KATAAANAO PECO (aywyiun HEAAVN).

O Edison, 1Tou €ixe Tpdo@aTta €I0AyEl 0TV Ayopd TOV TTPWTO AAUTITHPA TTUPAKTWOEWG,
QVTIMETWTTIOE €TTIONG TO TTPOBANPA Tou TUTTWHEVOU KaAwdiou. Otav pwThBnke amd Tov
@iho Tou Frank Sprague, 1©putr) Tou Sprague Electric Co., TTwg va "oxedidoel" aywyiga

ixvn o€ xaprti, 0 Edison £€dwaoe ypatrTd TTOANEG 10€€EG.

O1 mpooeyyioelg TTEPINGUBavaV TTPWTOV TNV ETTIAEKTIKA €@appoyr KOANAG (KOAANTIKA
ouCia TTOAUMEPOUG) Kal Th KOV Tou uypoU PEAQVIOU PE AywyILo Ypa@itn A XAAKIVN
OKOVN, deUTEPOV TN BIAPOPPWON EVOG HOVWTH ME DIGAUMA VITPIKOU apyUpou Kal PEiwaon
TOU AGAaTOG OTO METAAAO Kal TpiTOV TNV €@apuoyr AETTToU QUAAOU Xpuoou OTn
OuyKOAANTIKY oucia. Evw o Edison dgv avépepe TNV eKTUTTWOTN, 01 dUO TTPWTES HEBODOI

Ba pTTopolcav va TTPOCAPUOCTOUV o€ dIOdIKACIESG EKTUTTWONG.

2TNV TTPAYMATIKOTNTA, N TTPWTN 10€a TNG XPHonS KOAAAG pe PACN TO TTOAUMEPEG HE
aywyiya cwaTidla givar n Baon tng onuepIvig TexvoAoyiag Polymer Thick Film. Eival
ONMAvTIK] AOYW TwV XaunAwv dATTavwyV Kal TWV EYYEVWS KABAPWY XOPAKTNPIOTIKWY
™NG. H delTepPn £vvola ATTOTEAEI OTNV TTPAYUATIKOTNTA NAEKTPOKOTITIKA €TTEvVOUCN, MIA

MEBODOG TTOU XPNOIKOTTOIEITAI OUEPQ.

ApPKETEC AANEG 10€eC ep@avioTnKav apyoTepa. To padidwvo ouvTouda €YIVE O
ONUAVTIKOTEPOG 0ONYOS VIO TUTTWHEVA KUKAWMPATA €VW TO QOUPHOTO  TNAEQWVO
TpaBouce TNV TTPOCOoXH Tou KOGHouU. O TTpwTog dnuoaiog padiooTabuog, KQW - San

Jose, CA, Bynke otov aépa 10 1912. Méxpr 10 TEAOG TNG deUTEPNG deKaETiag Tou 20V



alwva, To PadidPWVOo EiXe €I00XOEI OTIG TTEPICOOTEPEG MEYAAEG XWPEG. 2TA TTAOIA
AeIroupyei To padloocuoTnua Marconi Kal 0 aoUpUATOG OWEEl CWES. 2ZUvVToua Ba UTTAPXE
padid@wVvo o€ KABE voIKoKupIO, OTTWG TTPoERAeTTE 0 David Sarnoff, emmike@aAig Tng RCA

kal Tng NBC.

TuTtwpéva KUKAwPaATa

To ammAouoTepo PCB (TUTTWPEVO KUKAWMA) gival éva @UAAO XOAKOU KOAANUEVO 0€ QUAAO
TTAQOTIKOU TTOU OUxVvd e€ival pia €mTogIkfy KOAQ TTOU eVIOXUETAl HPE QAIUTTEPYKAQG
(fiberglass). To emimTAéov QUAAO XaAkoOU aaipegital, CUVABWG Pe Tn HEBODO TNG XNMIKAS
XOPOKTIKNAG KAl Ta EEAPTAMOTA OUVOEOVTAI PE TOV UTTOAOITTO XOAKO pE TN ouykOAAnon. O
EPEUPETNG TOU TUTTWHEVOU KUKAWUATOS ATAV TTIBAVWS 0 AUCTPIAKOG INXavikog Paul Eisler
(1907 - 1995) 1Tou KaTaoKeUaoe To TTPWTO TO 1936, W TUAPa evog padiogwvou. lNepitrou
T0 1943 o1 AuEPIKAVOIi ApXIoaV Va XPNOILMOTTIOIOUV TNV TeEXVoAoyia o€ JeEyAAn KAiNOKa yia
VO KATOOKEUAOOUV EVIOXUTEG TTOU Xpnoilyotroinoav otov Aeutepo aykOOPIO TTOAEUO
(rugged radios). Meta Tov TOAepo TO0 1948, o1 H.IMT.A. atreAeuBépwaoav Tnv eQeupeon yia
EUTTOPIKA XPNon. Ta TuTTwuéva KUKAWPOTA OgV £yIvaV OTTOOEKTA OTA NAEKTPOVIKA €idn
eupeiag kKatavalwong PEXP! Ta péoa TnG dekacetiag Tou '50. Mpiv a1Té 1A TUTTWHEVA
KUKAWMOTA, XPNOILOTTOINBNKE N KATAOKEUN aTTé onueio ag onueio. Apxikd, KGBe e€apTnuda
ouvdéovTav OoTnV TTAAKETA PE KaAwdia Kal yia kabéva yivotav pia tputta oto PCB e
TPUTTAvI Kal ouykoAAouvTav. Auth n péEBodog kaAeital through hole kataokeun kai Ba

MTTOPOUCE Va YiVEl QUTOMATA ATTO Mia punXavry KUPATIKAG OUYKOAANONG, TTEPVWVTAG TNV
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TTAGKETA TTAVW OTTO €va KUPA aywyiung KOAAnong (kaAdi). H kataokeur) pe mn pEBodo
through hole gival akdpa xprioiun oTnv Evwon Twv HEYAAWV Kal Bapiwy eEApTNUATWY HE
TNV TTAAKETA. QOTOOO, Ta KAAWDIA KAl O TPUTTEG KOOTICOUV YIATI TO TPUTTNUA TNG TTAAKETAG
gival datravnpd Kal Ta KaAwdia @OcipovTal oTo Xpovo. 2Tn dekaeTia Tou '60, e@eupédnKe
Mia TeXVIKA attokaAoupevn surface mount TToU XPNOIYOTTOINBNKE EUPEWGS TTPOG TO TEAOG
NG dekaeTiag Tou '80. Ta e¢apThpaTa AVAOXEDIACTNKAV UNXAVIKA VIO va £XOUV PIKPOUG
METOAANIKOUG aKPOOEKTEG KAl YIA VO OUYKOANOUVTAI Gueca oTtnv emi@aveia Twv PCB kai
kaAouvtal SMD. Emeidf povo n aywyiun KOANonN Kpatd 10 €£apTUA OTNV TTAGKETA TA
SMD e€aptApaTa yivoviar 600 TO Ouvatdv MIKPOTEPA KAl eAA@PId. Zuyxvda uia
QUTOMOTOTTOINUEVN MNXAVH a@aIpEi Ta eEAPTAMATA ATTO EIBIKEG ITTOUTTIVEG KAl TO KOAAG OTO
PCB. 'Eva otpwpua k6AAag kpaTd Ta egaptipata KOAANuUéEva otnv TTAakETa. H TTAaKETa
TTPOBEPUAIVETAI, TTEPVWVTAG HECT ATTO POUPVO TTOU TTEPIEXEI UTTEPUBPOUG AQUTITAPEG, N
BepudTNTA TWV OTTOIWV AEIWVEI TNV UAN OUYKOAAACEWG KOl OTN OUVEXEID KPUWVEI
eAeyxoueva. H TpoBEpuavon Kai n eEAeyxouevn Wuén atmmoTpETTOUV Ta EEAPTANATA ATTO TO
payiopa otav pia dkpn eival kpua kail pia GAAN kauth ammd Tnv KOAANon. Ta e¢apTtrhpara
oxedlalovTal £T01 WOTE Ol AKPEG VA CUUTTITITOUV UE TO ONUEId KOAANONG OTNV TTAGKETA
(pads). To atroTéAeopa gival eEaPTANOTA EAAPPOTEPO KAl MIKPOTEPA KAl @ONVOTEPA ATTO
TO KOOTOG KATAOKEUNG PE KaAwDIa.

Ta PCB kartaokeualovtal o€ TEPAOTIA TTOIKIAIa. To TTpWTOTUTTO €ival n TTAAKETA aTTd iVEG
UGAoU OTnV oTToia TUTTWVETAI £va aX€DI0 aTTd XaAKO. O oxediaoudg atroTeAEiTal cuvrBwg
1o YPAPUES O€ OXNHa AaBupivBou Pe Tov TTEPIOPICHO OTI OAEG O YPOAUMESG KATAARyouv
O€ OTPOYYUAQ pads. YTrapxel duvaTtdtnTa TTapaAAaywyV OTNV EIKOVOYPAPNUEV YEWHETPIA
oupTTEPIAaUBavouévnG TNG TTapoudiag OoTTwy dIATPNONG HECW TWV KEVTPWY Twv pads ,

MIOG €TTIAOYAS UAIKWYV UTTOOTPWHATOG, UN ETTIXPICHEVWVY XOAKOETTECEPYATHEVWV TTIVAKWY,
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TNVOKEG NAEKTPIKWYV YAIWV HE TEAEIWG OIOPOPETIKEG YEWMETPIEG KAl QKOPN Kal
OUYKOAANUEVEG OQVIOEG PETA TNV TOTTOBETNON TWV NAEKTPOVIKWYV. Ta TTAATN TWV YPOAUUWY
o€ Jia oavida ptropei va kupaivovtal atro 0,01 -0,02 ivioeg kal Twv pads atmé 0,06 -0,10
ivioeg. EQW kal TTOAAG Xpovia @OoITNTEG TOU UTTOAOYIOTIKOU KAGDOU evOIa@EpOVTal YIO TNV
epunveia Twv PCBs. 'Evag Adyog eival 611 Ta PCB Atav diaBéoiya og autoug aAAG To
evola@épov yia Ta PCBs diapkei €1Teidf) TO @ACHA TOU UTTOAOYIOTH €ival XPrOIUMO Kal
d1001a0TaTO.

O1 véeg 10€e¢ TTOU XPNOIYOTIOIEI N TUTTOTTOINUEVN TEXVOAOYIQ UTTOAOYIOTWY €XOUV
€€avTAnBei. ANG 1O {\TNUa TTNyaivel TTEPa aTTd TNV ATTAR avayvwpion TTPOTUTTWY Kal auto
gival étrou Ta TTpdyuaTa yivovtal evdla@épovia. O okotrdg Tou va eTMIBewpnoEl évag
UTTOAOYIOTAG MI TTAAKETO TUTTWPEVOU KUKAWPATOG BeV €ival va avayvwpilel Kahd ox£dia,
av Kal auTto ival atrapaitnto aAAd va katavoei 1a kKakd TpoTtutta. ‘Eva eAdTTwua o€ pia
TTAQKETA TUTTWHEVOU KUKAWMPATOG €ival Eva atTPOBAETTTO TTPOTUTTO KABIOTA TNV ATTEIKOVION
KAl EpMNVEia Twv eAATTWHATWY €vav evila@EPOVTa €peUvVNTIKO OTOXO0. AuTd TTOU Eival
onuavTikd yia T dIaTpIBA pag gival 0TI N avayvwpion TTPOTUTTWY OV TTApPAyEl JOVO
EPMUNVEIEC YPAMPWY, pads Kal GAAWV KAVOVIKWV OIANOPPWOEWY XOAKOU, OAAG Kal
EPUNVEIEC EAATTWPATIKWY TTEPIOXWYV. Me atrAd Adyia, €va KOPPATI Tou XaAkou (f Tou
UTTOOTPWHATOG) €ival EAATTWHATIKO KAl BPICKOVTAG TO N €TMICHUAVON €ival onuavTikri. H
duadikn atrelkévion Ogv €ival ATTaAPAITNTO XOPAKTNPIOTIKO TNG diodidoTarng épaong. H
TTPowONon duadIKwV EIKOVWY WTTOPEI va odnynoel o€ aueioBnTnon Ot Ta TUTTWPEVA
KukAwpaTta gival diodidoTtata avTikeipeva. O1 TTIVOKES TUTTWHEVWY KUKAWUATWY dev gival
TIPAYUOTIKA «TUTTWHEVOI» AAAG O XOAKOG XapAooeTal aTTO €éva A€io TTAQOTIKO XapTOVI YIa
VO OXNUATIOEI TO «TUTTWHEVO KUKAwHay. H xadpagn otTwg uttodnAwvel To dvoua, agrvel

MIa SIa0TATIKN MOPQN av Kal To B&B0G gival yiIkpd. Ta ouvnBiouéva eAaTTwuata ocuvoEovTal
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ME TNV UTTOEKBEON (aprivovTag TTapa TTOAU XaAKO) ) uttep-Xapagn (agrivovTtag ToAU Aiyo).
Autd cival TpiodidoTata TTpoBAfuaTa. EuTuxwg OTIG TTEPICOOTEPEG TTEPITITWOEIG, TA
TpiIodIaoTaTa TTPORAARUATA €XOUV TIG DIODIACTATEG CUCXETIOEIG TOUG. A TTapddelyua, n
UTTOEKOEDT YEVIKA €XEI WG ATTOTEAEOUA YPAPUEG TTAPA TTOAU PEYAAOU TTAATOUG €V N

UTTEP-XAPOEN AETTTEG YPAUMEG 1] PAIVOUEVIKEG EYKOTTEG.
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Ke@dAaio 2: Napouciaon EpyacTtnpiakou E¢omrAiopou

APXIKA WG XWPOG XPNOIUOTTOINONKE £va ndn uttTdpxov, aAAd TTApOTTAICUEVO EpYACTHPIO
KATOOKEUNG TUTTWHEVWY KUKAWUATWY OTO ICOYEIO TOU KTIPIOU OTTOU OTEYAZETAI TO THAUA
auTopaTiopou. Ekei BpéBnkav kal aglotroidnkav évag BaAapog utrepiwdous EkBeong UV
(oxnua 1), évag KOYTNG (oxNua 2) kKabwg kal évag Asiavtipag (oxiua 3).

2TNV OUVEXEID ayopdoTnKav Kal Ta KatdAAnAa doxeia yia Tnv TOTToBETNON TWV XNUIKWV
oToIXEIWV KaBwg Kal Ta idia Ta oToIXEia (KauoTik 0dda (NaOH), TpixAwplouxog aidnpog

(FeCL3), atmioviopévo vepd Kal aoeTOV), OTTWG QaivovTal 0To oXANA 4.

T s

e

ZxAMa 1. ©dAauog utrepiwdoug ékBeong (UV)
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ZXAMA 2. [AyKog KOTTAG
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ZxApa 3. Aclavtrpag

ZxAMa 4. XnuIKa avoAwoiua
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Ke@dAaio 3: XnUIKEG avTIOPAOEIS KAl CUVTAYH KATAOKEUNG

o. XnuIKEG avTIdpAoEIg

i. DwToAIfoypagia
H @wToAIBoypagia atroTeAEi pia TEXVIKY TTOU XPNOIUOTIOIEITAI OTN Blounxavia
NMIAYWYWV YIO TNV KATOOKEUN TTAAKETWYV (wafers) Kal JIKPONAEKTPIKWY CUOKEUWV YIa
TTaPAdEIYUA OAOKANPWHEVWY KUKAWUATWYV. MepIAauBavel Tnv €kBean KATTOIOU
QwTtoguaiodbnTou UAIKOU (photoresist) o€ akTivoBoAia wTog, 0€ CUVOUAOUO HE TN
xpnon piag pdokag péow NG otroiag kabopiletal To mIOUPNTS oxédio. OTav 1o
PWTOEUAICONTO UAIKO EKTIOETAI OTO PWG, N XNUIKA TOu oUCTACT AAAACEL.
YT1rapyouv dUo €idn gwToAiBoypa@iag, n BETIKA KAl N apvNTIKA. ZTn BETIKr TNV OTToIx
eQapudCel To TTapdv TrEipapa, Ta Pépn Tou photoresist TTou ekTiBevTal oTnV akTIVOBOAIa
gival autd TToU a@QaIPOUVTal 0T CUVEXEID KOTA TO 0TAdIO Tou developing. AvTIOETWG
oTnNV apvnTIK QWTOAIBoypa@ia Ta uéPN TNG TTAAKETAG TTOU TTPOCTATEUOVTAI OTTO TNV
akTIvoBoAia Adyw TngG pdokag, gival Kai o1 TTepIoxES 61Tou To photoresist diaAveTal katd
10 developing.
Me Tnv TTpo0odo TNG TEXVoAoyiag n diadikacia TNG wToAIBoypaiag €xel e€eAIXOei pEow
NG XPNong utrepiwdoug akTivoBoAiag (UV), emTpETOVTag TNV KATAOKEUH PMOTIBwY o€

TTOAU uywnAn avaAuon.
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ii. Developing
To developing TTepIypA@EeTal WG N GACN AVATITUENG MIOG PWTOEUAIcONTNG OTPWONG
META aTTO TNV £KBEON O€ AKTIVOBOAIA. 2€ aQUTO TO OTADIO N TTAAKETA EPXETAI OE ETTAPI UE
dIdAupa avaTtrTugng 1o otroio diaAuel To photoresist. AvaAoya pe To €id0g TNG
QwToAIBoypagiag (BeTIKNA i} apvnTiKh), a@aipeital To photoresist atrd TIG £MIPAVEIEG TTOU
€XOUV €KTEDEI OTO PWG 1 TO AVTIBETO. 2T0 TTEIpaAUA Pag aglotrolgital n BETIKA PEBOdOG,
KATA TNV OTTOIa aQAIPEITAI TO OTPWHA QWTOAVTIOTAONG TTOU EKTEBNKE O€ UTTEPILLON
OKTIVOBOAIQ, a@AvovTag avETTa@o TO TTPOCTATEUUEVO ATTO TN JAOKA PEPOG.
EmmmpooBéTwg, ota eipdpaTa Tou dlievepyRbnkav oTnv TTapouca £peuva yia Tn edaon

Tou developing, xpnoigotroidnke wg dIGAUPA avaTTTugng N KauoTikr) 0oda (NaOH)

iii. CU etching
H atmoxdAkwon (CU etching) eival n diadikacia TTou akoAouBeital peté atrd auTthv TNG
@wToAIBoypagiag kal Tou depeloping, KaTd Tn SIAPKEIA KATAOKEUNG EVOG TUTTWHEVOU
KukAwpaTog (PCB). Katd tn didpkeia autig Tng diadikaaiag n TTAakETa epBaTTieTal o€
XNUIKO SIGAUPa (ApPWVIAKO 1 6EIVo) e OKOTTO TNV apaipeon Tou XaAKou atro Tnv
ETTIPAVEIA TNG TTAAKETAG, APAVOVTAG TTPOCTATEUUEVA TA TUAMATA XOAKOU TTOU €ival
KaAuppéva pe photoresist. 210 ev AOyw TTEipapa XpnOILOTIOIEITAI TRPIXAWPIOUXOG
oidnpog (FeCl3). ANa diaAUpaTa TToU PITTOPOUV Va XPNOIUOTToINBoUyV gival VITPIKO 0gU
(HNO3) 1 utrepoceidio Tou udpoyovou (H,0,).
H diadikaaia NG eyxdpa&éng ouvioTd TTOAU onuUAvTIKO 0TAdIO TNG KATAOKEUNG MIOG
TTAGKETAG, N aKpiBela TnNG otroiag kaBopilel o€ peydAo BabBud Tnv amrédoon Kai TV

QgIOTTIOTIO TOU KUKAWUATOG.
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B. Zuvtayn TuTTwWOoNG TTAakéTag PCB

0. AkatépyaoTn TrAakéta PCB

1. ApXIKNA €kBeon og utTEPIWDN akTivoBoAia (UV)
a. TomoB£Tnon TNG TTAAKETAG KATW atrd uTTEPIWDN akTIVOBoAia (UV) padi pe

™ ydoka, yia 30 sec.

2. Agaipeon photoresist
a. Badoupe tnv mMAakéTa péoa o€ kauoTik 06da (NaOH) yia 60 sec, uéxpl
va agpaipedei To photoresist TTou dev KAAUTITOTAV ATTO TNV NACKA.
B. Ooo diapkei autry n diadikaagia, KATA TTPOTIUNCN avadeUOUHE TO XNHIKO
yla TaxUTEPO ATTOTEAEOHA. (O EKTINWHEVOG XPOVOGS TTOU BIVETE TTIO TTAVW,
eival xwpic avadeuon.)

Y. =ETTAEVOUUE TNV TTAOKETA PE ATTIOVIOUEVO VEPO.

3. ATToxdAkwon
a. TorroBeToupe TNV TTAAKETA H€oa o€ doxeio Pe TpixAwplouxo aidnpo (FeCl3)
yla Trepitrou 60 mins

B. ZeTAévoupue TNV TTAOKETA PE ATTIOVIOUEVO VEPO.
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4. NMARPNG KABAPIONOG TTAAKETAG
a. =€TTAEVOUpE TNV TTAAKETA pE aoeTov (C3-H6-0)

B. =eTAévoupe TNV TTAOKETA PE ATTIOVIOUEVO VEPO.

5. TpUTTNUA TTAAKETOG
a. TpUTTAPE YE TO TPUTTAVI TOU EPYOOTNPIOU TNV TTAGKETA OTA onEia TTou Ba

TOTTOBETNOOUV TA OTOIKEID TOU KUKAWHATOG apyoTEPQ.

6. EmkaocoiTépwon TTAAKETAG
a. AAgipoupe TNV TTAOKETA JE MIO TTAOTA TTOU TTEPIEXEI 97 % KOO TITEPO Kal
3% XaAKO, tTeiTa TN BepUaivouuE PE TO TTIOTOAI BEpUoU agpa yia TTEPITTOU

60sec kal EETTAEVOUUE PE VEPO PEXPI VO PUYEI OAO TO UAIKO.
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Ke@dAaio 4: Maokeg

2xediaon Kal EKTUTTWON

2UVNBWG €vag NAEKTPOVIKOG HNXAVIKOG OXEDIACEI TO KUKAWMA KAl £vVAG TEXVIKOG TO OXEDIO
PCB trou xpeladetal e¢eidikeuon. YTTApXouv TTOAUAPIBUEG TEXVIKEG Kal TTPOTUTIA TTOU
XpnolgoTroiouvTal yia va oxedidoouv €va PCB woTe va gival PIKpd Kal ¢tnvo oTnv
karaokeur). Kamoia PCB yia xprion uwnAng ouxvotntag RF xpnoigotroiouv JovwTIKA

UAIKA JE TA EIBIKA XOPAKTNPIOTIKA TTOU ATTOTPETTOUV TIG TTOPEUPBOAEG.

Ta PCB 0710 KeVO 1) 0€ dIAOTNHIKO OKAPOS £XOUV CUNTTAYEIS G TTUPVES XOAKOU 1} apylAiou
WG ouoTnUa Wugns. To TTAATOG Kal n amdéoTachn Twyv aywywv oe €va PCB cival TToAU
onuavtikd. Edav o1 aywyoi e€ivalr tmédpa TTOAU OTevoi, uTtdpxel 1O TTPOBANUG  Tou
BpaxukukAwpaTtog kal To PCB cival dUokoAo va etmiokeuaoTel. EQv eival madpa TTOAU
Makpid, To PCB €ival TToAU peydAo kai akpié. Ooo TepIocdTEPO XOAKO a@alpoUue aTTo
TNV TTAQKETA augdvoupe Tn putravon Tou TepIBaAAovTog. ETtiong, éva PCB TuttwveTal
akpIBEoTEPA €AV OAEG OI TTEPIOXES TNG TTAOKETAG £XOUV TNV id1a péon avaloyia xaAkou. Ta
TepIoodTEPa PCB £x0ouv KOAANPEVA PETAEU TOUG Eva PEXPI OEKAEEI OTPWHATA TUTTWHEVOU
KUKAWMOTOG (TToOAUcTpwHaTIKA PCB). Z¢ 1Mo ouvBeta PCB, dUo 1 repioodTepa atrd Ta

OTPWHATA APIEPWVOVTAI OTAV TPOPODOTIia KAl TN YEiwon.

Ta oTpwuATA QUTA OTTOPOVWVOUV TO KUKAWHA aTTO TTOPEUPOAEG Kal TTAPEXOUV TNV
atraIToupevn evépyeia. Ta mmoAuoTpwuatikd PCB atmairouvTal yia Ta oUveeTa Wwn@Iiakda
KukAwpaTta. Ta oTpwuaTta TNG yeiwong Kal Tpo@odoaiag gival opBoywvia aywyiha QUAAa
TTou KataAapBdvouv oAdkAnpa Ta oTpwuaTta. AlavEUOUV TNV NAEKTPIKN EVEPYEIQ KOl Tn

BepudTNTa KOAUTEPA OTTO TOUG aTTAOUC aywyouc. E&eidikeuuyéva cuoTthuata wuéng
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TOTTOBETOUVTAI OTNV TTAQKETA YIa TNV atraywyr TG Bepudtnrag. Ta TToAucTpwpatika PCB
€Xouv onuadia Kal TPUTTEG YIA VO EUBUYPAPUICOUV Ta OTPWHATA KAl VA ETTITPEYOUV TN
XPNon autouaTng UNXavAg TOTTOBETNONG KAl CUYKOAANGCNG Ta OTTOI0 CUVOEOVTAIl HECW TWV
TPUTTNUEVWY HE TPUTTAVI OTTWV QATTOKOAOUUEVWYV Vvias. Or1 OTTéG ETTINETOAAWVOVTAI HE

NAekTPOAuon ) TTapePBAANOVTAl JIKPOiT JETOAAIKOI OUVOECHOL.

O1 kaloi oxedIaoTéEG eAAXIOTOTTOIOUV TOV APIBUG OTTWV yia Tn MPEiwon Tou KOOTOUG
TpUTTAMATOG. € TTaAaIdTEPpa PCB duo OTpWUATWY YIVOTaV OUYKOAANON €vOg KaAwdiou
Méow TNG TpUTTag. O1 TPUTTEG YivovTal e PIKPO TpuTravi KapPidiou 1 Aéilep. H didtpnon
ekTEAEITal ammd TIC MPNXavEG dIATPACEWV HE TNV aAuTOUATOTTOINUEVN TOTTOBETNON
XPNOIUOTTOIWVTAG Hi CUCTOIXiO TPUTTAVIWY ] apXEio TputTaviwy. ‘Eva apxeio Tputraviwy
gival éva apyeio uTToAoyIOTA TTOU TTEPIYPAPEI TN BECN Kal Ta PEYEON OAWV TwV TPUTTWV.
AuTa Ta apxeia attokaAouvTal TTioNG aplBUNTIKA eAeyxoueva apxeia Tputraviwy (NCD). H
MAoKa ouyKOAARoEewG (solder mask), ivail éva TTAACTIKO OTPWHA TO OTTOI0 dEV dIABPEXETAI
aTTo TNV UAN OUYKOANACEWG KAl ATTOTPETTEI TIG VNOI®EG TUYKOAANCNG VA BPaxUKUKAWOOUV.
Emiong mpooTartelel Ta eEwTtepIka eTTiTreda atd 10 yOAPOIo kKal TN didBpworn. Mia
METOEOTUTTIO OTO TTAVW I OTO KATW PEPOG TNG TTAAKETAG TTAPEXEI TTANPOPOPIEC OXETIKA UE
TOV aPIOPO TWV £LaPTNPATWY, TNV aKPIRr B€an Toug KATT Kal BonBdgl 0TV KATAOKEUN KAl

TNV ETTIOKEUN TNG TTAAKETAG.

Ta PCB Trou mpoopilovtal yia akpaia TTepIBAANOVTO €xouv OuxVAa dia opoIduop®n
EMKAAUWN n oTroia e@apuoletal e BUBION 1 YeKaoUO Kal atroTpETTEl TN OIGBPWan Kal To
BpaxukUkAwpa AOyw oupttukvwong. O1 TTpwTeg emMIKaAUWeIC ATav atrd Kepi. Ol

oUYXPOVEG ETTIKAAUWYEIS €ival ouvhBwe apaid diaAUpata oIAIKOvVNG 1 eTTogiIkwy. H padikn
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TTapaywyr) PCB €xel pad yia TOv QUTOPATOTTOINUEVO €AEYXO TTOU YivETAl PE TN XPAoN

TTPOCWPIVWV OUVOETEWV. MEPIKEG POPEG ATTOPOVWVOVTAI JE TN XPON AVTIOTACEWV.

H oxediaoTikp pori uwnAou eTTTEDOU YIAO TNV KOTAOKEUR Twv KOoPpévwvy PCB TToUu
KOAUTTTETAI OTNV TTapoUoa  €pyacia TTapouciadetal oto oxApa 5. ToAAG TTakéTa
oxedlaopou CAD cival diaBéoiya. H diadikaoia TTepIAapBavel Tpia EEXwWPIOTA TTAKETA
Aoyiouikou. H pory CAD Ba treplypa®ei AETTTONEPWG OTIG ETTOUEVEG evOTNTEG. MeTA atrd
TIPOOEKTIKN €&éTaon €mAEXOnke 1o Eagle PCB 1o o100 TTpooc@épel Ta akOAouba
TTAEOVEKTAMATA:

* AloBeC1uOTNTA YIA TIG TPEIG TTIO ONUOPIAEIC TTAATQOPPES AEITOUpPYIKWY cuoTnudaTwy (Mac
OSX, Linux kar Windows)

* \eIroupyIkOTNTA BACIOPEVN O€ DECUEG EVEPYEIWV (YPAMMA EVTOAWV)

* MoAudpi1Bueg Asitoupyieg (epyaAcio autorouter, DRC K.ATT.)

» E€aipeTIKA €TTIAOYT TTPOKABOPICUEVWY TUNUATWY Kal TTaTnUaTwy

* 2UVOECINOTNTA TTOU dIATNPEITAI JETAEU OXAMATOG Kal SIATAENS
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1. PCB Design (Section I1):
e FEagle
e  CircuitMaker
s OrCAD

2. CAD File Preparation for

Fabrication (Section I1I):
e CircuitCAM

3. PCB Fabrication
(Section IV):
*  BoardMaster

ZxAMa 5. >xedI00TIKA pon

Ta TTakéta CAD 110U UTTOOTNPI(OVTAI ETTIONUAIVOVTAI OTNV TTapouca epyacia. H Bacikn
¢kdoon Tou Eagle gival eykateotnuévn o1o Kévrpo Zxediaopou ECE kai n dwpedv €kdoon

QOITNTWV UTTOPEI va ueTagopTwOei atrd 1o cadSoft.

Eagle

AuTr n evoTnTa aTToTeAEI CUPNTTARPWUA Tou gyxeipidiou xprioTn Eagle (1Tou diatiBeTal oTn
dleuBuvon www.cadsoft.de), 6mou e¢nyouvTal AeTrTopepéaTePES Aeitoupyies. H pory CAD
yia 10 oxediaoud Twv PCB trapoucidletal oo oxnua 6. To KUKAwua Ba TTpETTel va gival

TTAAPWG OXESIOOUEVO TTPIV TTPOXWPNOEI Kaveic oTo oxedlaouo Twv PCB.
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1. Generate Schematic
(Section 2.1):

s  (Create custom parts
*  Place and connect

-

2. Generate PCB Layout
(Section 2.2):

*  Auto-generate layout
*  Run autorouter

*  Complete lavout with
manual routing

3. Export to CircuitCAM
(Section 2.4)

ZxAua 6. Por)y CAD yia oxediaouo PCB

Anuioupyia oxquarog

To eyxepidlo Eagle (trou OiatiBetal otn dieuBuvon www.cadsoft.de) teplAauBavel
OUYKEKPIUEVEG 00NYiEG OXETIKA PE TN dnuIoUpYia EvOG OXNUATIKOU oXediou yia Eva €pyo.
Katd Tn AQyn atmo@doewv OXETIKA YE Ta €€apTriuaTta TTou Ba xpnoigotroinbouv oTo
oxedlaoo, Tpétrel va dobei 1I8iaitepn TTpoooxr OTIG SIOOTACEIS TNG CUCKEUATIAG, OTTWG

TTEPIYPAPETAI TNV ETTOUEVN EVOTNTA.
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Odnyieg eTIAOYNG CUOKEUAOIWV

O1 YIKPOTEPEG OUVIOTWHEVES OIAOTACEIC OUOKEUAOIag @aivovral oto ox\ua 7. H o
onuavTikr} d1IAoTaON CUoKeuaoiag gival To (pin pitch) Uwog Twv akidwv , TTou opideTal wg
0 JIaXWPICPOG METAEU Tou KEVTPOU Twv (pins) akidwv. Mapdio 1Tou €va (pitch) 0,5 mm
ouvOUACeTal ETTITUXWG ME TO pnxavnua LPKF, dev ouviotdrar AOoyw TngG €CAIPETIKNAG
duOoKoAiag xelpokivnTng ouykdAAnong tou IC. Edv eival duvartdv, TTpETTel va eTTIAEyoUV
mTakéTa SOIC ) DIP, kaBwg ouvrnBwg £xouv peydAo (pitch) Owog kai givail TToAU 110 EUKOAO

va ouykoAAnBouv atrd Ta rakéta SOP.

0.118 = 0004 i
(3.00 = 0.102)
7 6 §
i
i
0.193 = 0.006 0.118 = 0.004°
(4.90 = 0.15) {3.00 = 0.102)
L
Li
1 23 4
0.040 + 0.006 0.034 = 0.004
(1.02 = 0.15) {0.86 = 0.102)
i :
SEATING 4 v
PLANE ¢ 012 ¥ 0.006 = 0.004
0.30] 5 .
iHEFJ 0.0256 (0,15 = 0.102)
IDE!E!I MRS 0P (NS 106

BSC
ZxApa 7. To pikpoTepo SM8 8 akidwv MSOP. O1 diaotdoeig eival o€ ivioeg kal mm. To

MIKPOTEPO CUVIOTWHEVO VYOG gival ~ 26 mils (0.65mm).
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Anpioupyia TTPOCAPHOCHEVWV HEPWV

To Eagle trepiéxel pia TEpAoTia GUANOYI HEPWYV OTIG TTPOETTIAEYMEVES BIBAIOBAKES, WOTOCO
gival mOavé va unv UTTAPXOUV OpPICHEVA UEPN. Z€ QUTHV TNV TTEPITITWON, TTPETTEl va
dnuIoupynBei Pia TTPOCAPUOCHEVN CUOKEUR. To TTIO XPOVvoRBOpo PEPOG TNG dnuioupyiag
MIOG TTPOCAPHOCPEVNG OUOKEUNG KABOPICEl TO ATTOTUTTWHA TOU TTAKETOU. 2TN GUVTPITITIKA
TASIOYPNQIO  Twv  TTEPITTWOEWY,  €va  UTTApPXOV  OTTOTUTTWHO  PTTOPEl  va
emavaypnoiyotroinBei atmd pia cuokeury otn PIBAI0BAKN Eagle. ‘Eva mapddeiypa piag
TIPOCOPUOCHEVNG CUOKEUAG QPAIVETAI OTO TTOPAKATW OXNMa. Me Ta TTapakdTw Bripata

yiveTal o KaBoploudg YIag TTPOCAPUOCHEVNG OUOKEUNG oTO Eagle:

Anpioupyia TTpoowTTIKAS BIBAIOBAKNG cuokeuwyv Eagle.

e Avolypa TnG véag PBIBAIOBNAKNG, KAIK OTO MevOU TTAKETOU, TTANKTPOAOYNON TO
ovOPaTOoG Tou TTaKETOU (TT.X. DIP8, SOIC8 K.ATT.) KaI KAIK OTO KOUMTTi Nnew.

e EMmKOAANCN TOU €mMBUPNTOU TTOKETOU ATTO €va UTTAPXOV TuNpa oTtn BIBAIOBrKN
Eagle.

e ATT00rKeuon TOU TTOKETOU Kal dnuioupyia evog véou oupBOAou KAvovTag KAIK OTO
KouuTri cUMBOAwWYV oTo TTapdBupo BIBAIOBKN.

e 2XxedOIOONOG Kal atmrobnkeuon TNG OXNMATIKAG avatmmapdoTaong TG CUOKEUNRG,
oupTTEPIANANBAVOUEVWY OAWV TWV aKidwV.

e Mia TTPOCOPUOCHEVN OUCKEUR MTTOPEI va dnuioupyndei ouvdéoviag To VEO
OUMPBOAO PE TOV OPICHO TOU TTAKETOU, OTTWG PAivETAl 0TO oXAUa 8. Anuioupyia piag
vEQ OUOKEUNRG KAVOVTAG KAIK OTO KOUMTTI TNG OUOKEUNG OTo TTapdBupo BiBAI0BrKN.

e Elcaywyn Tou TTpocappocpévou oupBoAou KavovTag KAIK 0To KOuuTTi [pooBAkn
OTO KUpPIO TTapdBupo.

e 20vdeon Tou €mBUUNTOU TTAKETOU KAVOVTAG KAIK OTO VEO OTO KATW MEPOG TOU
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TTapadupou.
e 20VvOeOn TwV akidwv CUPBOAWYV OTIG OKIOEG TTAKETOU KAVOVTAG KAIK OTO OUVOEOHO.

AUTEG oI TTANpOQOpieg oUVOECINOTNTAG €ival KPIOIKMES KAl TTPETTEI va el0axBouv JE

MEYAAN TTPOCOXN.

=l 1 Ly - GpplacsSoneEAGLUE-30 1 Shriplivier Jbr [FOTLTSEG dew ) - E&GLE 4,17 Lighit
EPe Edi Draw Wew Lbmy  Oplens  Windoey Heip
el iHac WY Aa0adm - - DR 7 -
f Existing Package
§ |00 ch 14 -00) T m a Fﬂatprint
- T s 1
. : : Custom ;
3 b L . A8,
Il k| Schematic j- E.g / ,
3 E_g _ gg__ Custom Pin
= Gld@ ) [Pk i
- . Do~ ol Assignment
= Dq) (b \
= -' o oo d o
ey . <ARRIER ot ~ [PLEC-532) =
E-—- | —:: ®n Fard ‘Cpnnacion
_‘;.? - s Mg | s Fin Pad A
; E: 5 ree Lo | O
Sm T
i — GE1.CE 1D
& GCC 6
" = 81, DEAD T1
{‘_ e R R
GE1.FAULT 1Y
J — GE1.GHA 13
Nem 2 GH1GHE 9 I
= Conaeci | |
W/ .J._ | Mo | Consec
| ,"'-.-m P ok | cance

ZxApa 8. Anuioupyia piag TTPOCapPoCuEVNG CUOKEUAG OTO Eagle xpnoiuoTroivTag

éva uttapyov PLCC-S32 amoTtumtwua.
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Anuioupyia diaragng PCB

O1 akbAoUBEG evOTNTEG TTEPIYPAPOUV CUYKEKPIUEVEG OONYIEG OXETIKA PE TNV KOTAOKEUN
Koupévwy PCB pe Tov e€otrAIopd tTou eival diaBéoipo oto Kévrpo 2xediaouou ECE. To
eyxeipidio Eagle (d1aBéoipo otn dieuBuvon www.cadsoft.de) replAauBavel yevikéG odnyieg

oxediaong.

Odnyigg autdpaTNG KAl PN AUTOMATNG SpooAdynong
2UVIOTATAI XPRON OuvOUAOouoU TTPOCAPHOCUEVNG KAl Un auTOuaTNG dPouoAdynong yia
TNV oAokANpwon TnG didtagng oto Eagle. Eva DRC kai éva apxeio dnuioupyiag diatiBevTal

otn dievBuvon: www.vrg.utoronto.ca/~trescas/PCB.

Meplopiopoi dSpopoAdynong

To Aoyiopiké Eagle PCB cival éva yeviké epyaleio PCB kal wg ek TouTou Bewpei 611 Ta
empeTaAwpéva VIA gival diabéoipa otn diadikacia kataokeung. Ta emmikaAupuéva VIA
EMTPETTOUV OTA iXvn va ouvdeBoUV ue pia akida e6dou atrd 1o TTAvw 1) TO KATW OTPWHA.
To yeyovog o1 Ta emmiueTaAAwpéva VIA dev gival diaBéaipa yia 1o ppelapiopa LPKF tTpétrel
va AneBei uttéwn otn diadikacia oxediaouou. H dpouoAdynon opiouévwy eEapTnudTwy
MEOW OTTWV UTTOPEI va YivEl JOVO OTO KATW OTPWHA. AUTO OQEIAETAI OTO YEYOVOGS OTI TO

i010 TO TPRHa Ba PTTAOKAPEI TNV CUYKOAANGN TTPOGRACNS aTrd TO AVWTEPO OTPWHA. AUTh
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n évvoia aTreikovifeTal OTO TTapakaTw oxfpa. To Eagle dev avayvwpilel To yeyovog OTi
OopIoUEVA eEapTAMATA TTPETTEI VO KATEUBUVOVTAI AtTd TO KATW OTpwua. Eivalr eubuvn Tou

oxedlaoTr va e¢ac@alioel 611 n diIdTagn cival cupBath he To un eTTIPETaAWPEVO VIA.

Anuioupyia emimrédou yeiwong

2€ éva TUTTIKO oTpwua PCB dU0 oTpwoewy, Ol OTPWOEIG XOAKOU KOPUQNG Kal TTUBPEva
gival «od@vToulte» MPETagU evog uttooTpwHaTOoG atmd ualoBduBaka. ZTa TTeEPIoCOTEPA
ox€01a, Kal Ta dUO OoTpwPATA XaAKOU cuvdEéovTal e ToV €TTiyEIO KOPBO. H ocwaoTh Xprion
eVOG emTITTEDOU YEiWwoNG PTTOPET va BEATIWOEI ONUAVTIKA TV atroédoon evog avaAoyikou
oxedlaopou. To emimedo yeiwong XaunAng avioxng TToUu TTPOCQEPETAl ATTO TO HNn
eTegepyacuévo QUAANO xaAkoU Tou PCB ypnoiyoTrolgital yia va atto@QeuxBei aveTTiOUunTog
B6puBog dagouc.

Ta oTpwuata XoAKOU KOpugeng Kal TuBuéva eival oav OAvToUuITG METALU €VOG
UTTOOTPWUATOG aTTO UaAOBAUBOKA.

Katd kavéva, 1600 To Avw 0600 Kal TO KATw oTpwpa Tou PCB xpnoigotrolouvtal wg
ETTITTEDO yeiwoNg, TO OTToI0 €AAXIOTOTTOIEI TOV APIOPO Twv Pn ouvdedeuévwy. Ta duo
ETTTTEdA TTPETTEI VA €ival BPaxUKUKAWMPEVA o€ dIGQopa onueia ue TN GUYKOAANCN NG

yeiwong 1600 aTo Avw 000 Kal 0TO KATW ETTITTEDO TNG YEIWONG.
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Ke@dAaio 5: MNapouoiaon TTapadeiynaTog KATAOKEUNG TTAAKETOG

1. ApXIKN €kBgon o€ utTEPIWON akTivoBoAia (UV)
ApXIKA €KBETOUNE TNV TTAOKETA Padi JE TNV JAOKA o€ uTTEPILON akTIivoBoAia (UV) yia

mrepitrou 30s, oTov BAAAPO UTTEPILLOOUG OKTIVOBOAIOG TTOU BPICKETAI OTO EPYACTAPIO.

ZxAua 9. dwroAiBoypagia

2. Agaipeon photoresist (developing)
21NV ouvéxela, Baloupe Tnv TAakéTa péoa o€ kauoTik 06da (NaOH) yia 60sec, péxpl
va agaipedei To photoresist Tou dev KAAUTITOTAV OTTO TNV pAoka. Ooo diapkei auTr n

dladikacia, Katd TTEOTIKNON avadeUouUE TO XNUIKO yia Taxutepo atmmotéAeoua. (O

EKTIMWMEVOG XPOVOGS TToU BiveTeE TTIO TTAvVW, gival Xwpic avadeuon). 210 TEAOG EETTAEVOUNE

TNV TTAOKETA JE ATTIOVIOUEVO VEPO.

30



ZxAua 10. Developing
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3. AmoxdaAkwon (CU etching)

270 €TTOMEVO OTADIO, auTd TNG aTToXdAKkwong (CU etching), TotroBeToUUE TNV TTAAKETA
péoa oe doxeio pe TpixAwplouxo oidnpo (FeCl3) yia trepitrou 60 mins, €101 WOTE va
aQaIpedEei N oTPWON TOU XOAKOU a1Td TNV TTAAKETA. ‘ETTeIma EeTTAEvOUpE TTAAI TNV TTAOKETA

ME aTTIOVIOUEVO VEPOD.

ZxAuna 11. CU etcing
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4. NMAARPNG KaBapIoHOG TTAAKETAG

Emépevo o1adio Tng diadikaaoiag, gival va ETTAUVOUUE TNV TTAAKETA pE aoeTov (C3-H6-
0), €101 woTe va agaipebei kal n oTpwaon photoresist atd 1o uTTdAOITTO HEPOG TNG
TTAQKETOG (AUTO TOU KUKAWMOTOG). 2T CUVEXEID CETTAEVOUUE TTAAI TNV TTAOKETA E

QTTIOVIOPEVO VEPO.

ZxApa 12. KaBapioudg ue acetév

ZxAua 13. NMAUCIPO PE aTTIoVIOPEVO VEPO
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5. TpUTTNUa TTAGKETOG
2.€ aUTO TO ONUEIO TPUTTAKE PE TO TPUTTAVI TOU EPYACTNPIOU TNV TTAGKETA OTA GNUEIa TTOU

Ba ToTT0BETNOOUV T OTOIKEID TOU KUKAWPATOG apyOTEPQ.

6. Emkaocoitépwon AakéTag
TéNOG aAcipoupe TNV TTAAKETA PE PIa TTAOTA TTOU TTEPIEXEI 97 % KAOOITEPO KAl 3% XAAKO.
‘ETrema tn Bepuaivoupe Pe To TTIOTOAI BEpUOU aépa yia TTePITToU 60sec Kal EETTAEVOUE e

vepd PEXPI va @uUYEl OAO TO UAIKO.

ZxAua 14. TeAikd deiypata
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2UUTTEPAO AT

H TTapouca £peuva €0TiaOE APXIKA OTNV EYKATAOTAON MIOG HOVADAG KOTAOKEUNG
TUTTWHEVWY KUKAWHPATWY OTO XWEO TOU TTAVETTIOTAMIOKOU IOPUUATOG PE OKOTTO Tn
MEANOVTIKI XPprion yia eKTTAIOEUTIKOUG KAl EPEUVNTIKOUG OKOTTOUG. 'Evag deUTEPOG OTOXOG
nTav, péoa amd pia oeipd TTEIpauaTIKWY  OOKIMWY, va Ppebei pia TutToTTOINPEVN
peEBodOoAoyia TTOU va ammoTuTTWOEl UTTOG TN JOPP CuVTAYNG PME OKOTTO TNV OIEUKOAUVON
MEANOVTIKWV XpNOTWV TOou gpyacTnpiou. EmTuyxdvoviag péoa atmd TNV TTEIPANOTIKA
d1adikacia va TTapAgOUPE TUTTWHEVO KUKAWMATA OXETIKAG OKPIBEIOG, QgIOTTIOTIOC Kal
aTTOd0TIKOTNTAG, BEWPOUNE OTI o€ PeydAo BaBud ol oTdxol auTtoi eTITeUXONKav. H UEAETN
auTh KaBwg Kal N UTTapén Tou €pyacTnPiou PTTOPOUV va OTTOTEAECOUV EQPAATAPIO YIa
TTEPAITEPW  EPEUVNTIKEG TTPWTOROUAIEGC OTn OXedioon Kal KATAOKEUN TUTTWHEVWV
KUKAWMATWY upnAwyv TTpodiaypaguy.

EvOeIKTIKA, TOOO n povada 6co kai n diadikacia TnG oxediaong Kal KATAOKEUAG
xpnlouv BeAtiwoewyv. ‘Eva amd 1a TpwTa Bripata TTPog auTh Tnv KateuBuvon egival n
TTPOUABEIa KAl N EyKATAOTAON €VOG OUYXPOVOU €COTTAICOU O OTTOI0G Ba ETTITPETTEl TV
KATOOKEUN TTAAKETWY KAAUTEPNG TTOIOTNTAG OE PEIWPEVO XPOVO TTapaywyng. Mia eTTirTAEov
avaBdaduion agopd Tn xprion tmponyuévwy epyaleiwv CAD/CAM Ttou Ba TTapéxouv
MEYOAUTEPN akpiBela KOPPATI TNG oxediaong. TéAog, pia GAAN TTpoTacn OTToTEAE N
QVATITUEN €VOG TTPWTOKOAAOU 0pBNG BIaxeipiIong Twv XNUIKWY TTOU XPNOIKMOTTOIoUVTAl JE

OTOXO TN PEIwaon Tou TTEPIBAAAOVTIKOU ATTOTUTTWHUOTOG.
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Chemicals & Laboratory Equipment Renceivity 0

Personal H
Protection

Material Safety Data Sheet
Acetone MSDS

Section 1: Chemical Product and Company Identification

Product Name: Acetone Contact Information:

Catalog Codes: SLA3502, SLA1645, SLA3151, SLA3808 Sciencelab.com, Inc.
14025 Smith Rd.

CAS#: 67-64-1 Houston, Texas 77396

RTECS: AL3150000 US Sales: 1-800-901-7247

International Sales: 1-281-441-4400
TSCA: TSCA 8(b) inventory: Acelone . .
Order Online: SciencelLab com

Ci#: Not applicable.
Ppacy CHEMTREC (24HR Emergency Telephone), call:
Synonym: 2-propanone; Dimethyl Ketone; 1-800-424-9300
Dimethylformaldehyde: tic Acid
imethylformaldehyde; Pyroacetic Aci International CHEMTREC, call: 1-703-527-3887

Chemical Name: Acetone
For non-emergency assistance, call: 1-281-441-4400
Chemical Formula: C3-H6-O

Section 2: Composition and Information on Ingredients

Composition:

Name CAS # % by Weight
Acetone 67-64-1 100

Toxicological Data on Ingredients: Acetone: ORAL (LD50): Acute: 5800 mg/kg [Rat]. 3000 mg/kg [Mouse]. 5340 mg/kg
[Rabbit]. VAPOR (LCS50): Acute: 50100 mg/m 8 hours [Rat]. 44000 mg/m 4 hours [Mouse].

Section 3: Hazards Identification

Potential Acute Health Effects:
Hazardous in case of skin contact (irritant), of eye contact (irritant), of ingestion, of inhalation. Slightly hazardous in case of
skin contact (permeator).

Potential Chronic Health Effects:

CARCINOGENIC EFFECTS: A4 (Not classifiable for human or animal.) by ACGIH. MUTAGENIC EFFECTS: Not available.
TERATOGENIC EFFECTS: Not available. DEVELOPMENTAL TOXICITY: Classified Reproductive system/toxin/female,
Reproductive systemftoxin/male [SUSPECTED]. The substance is toxic to cantral nervous system (CNS). The substance may
be toxic to kidneys, the reproductive system, liver, skin. Repeated or prolonged exposure to the substance can produce target
organs damage.

Section 4: First Aid Measures ]
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Eye Contact:
Check for and remove any contact lenses. Immediately flush eyes with running water for at least 15 minutes, keeping eyelids
open. Cold water may be used. Get medical attention,

Skin Contact:

In case of contact, immeadiataly flush skin with plenty of water. Cover the irritated skin with an amollient. Remove contaminated
clothing and shoas. Cold water may ba used Wash elothing before resse. Thoroughly elean shoes befora rause, Gat madical
attention.

Serious Skin Contact:
Wash with a disinfectant scap and cover the contaminated skin with an anti-bacterial cream. Seek medical attention.

Inhalation:
I inhaled, ramowve to fresh air. If not breathing, give arificial respiration. If breathing is difficult, give axygen. Get medical

attention if symploms appear,

Serious Inhalation:

Evacuate the victim to a safe area as soon as possible. Loosen tight clothing such as a collar, te, belt or waistband, If
breathing Is difficult, administer oxygen. If the victim is not breathing, perform mouth-to-mouth resuscitation. Seek medical
attention,

Ingestion:
Do NOT induce vomiling unless directed to do so by medical personnel. Mever give anything by mouth to an unconscious
person, Loosen tight clothing such as a collar, tie, belt or waistband, Get medical attention if symptoms appear,

Serious Ingestion: Mot available,

Section 5: Fire and Explosion Data

Flammability of the Product: Flammable.

Auto-ignition Temperature: 465°C (B69°F)

Flash Points: CLOSED CUP: -20°C (-4°F). OPEN CUP: -9°C {15.8°F) (Cleveland),

Flammable Limits: LOWER: 2.6% UPPER: 12.8%

Products of Combustion: These products are carbon oxides (CO, COZ),

Fire Hazards in Presence of Various Substances: Highly flammable in presence of open flames and sparks, of heat,

Explosion Hazards in Presence of Various Substances:
Risks of explosion of the product in presence of mechanical impact; Not avaitable. Slightly explosive in presence of open
flames and sparks, of oxidizing materials, of acids.

Fire Fighting Media and Instructions:

Fiammable liquid, soluble or dispersed in water. SMALL FIRE: Use DRY chemical powder, LARGE FIRE: Use alcohol foam,
water spray or fog.

Special Remarks on Fire Hazards: Vapor may travel considerable distance to source of ignition and fiash back.

Special Remarks on Explosion Hazards:

Forms explosive mixtures with hydrogen peroxide, acetic acid, nitric acid, nitric acid + sulfuric acid, chromic anydride, chromyl
chioride, nitrosyl chioride, hexachioromelamine, nitrosyl perchlorate, nitryl perchiorate, permonosulfuric acid, thiodiglycol +
hydrogen peroxide, potassium ter-butoxide, sulfur dichloride, 1-methyl-1,3-butadiene, bromoform, carbon, air, chloroform,
thitriazylperchiorate,

Section 6: Accidental Release Measures

Small Spill:
Dilute with water and mop up, or absorb with an inert dry malerial and place in an appropriate waste disposal container.
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Large Spiil:

Flammabile liquid. Keep away from heal. Keep away from sources of ignition. Stop leak if without risk. Absorb with DRY earth,
sand or other non-combustible material. Do not touch spilled material, Prevent entry into sewers, basements or confined
areas, dike If needed. Be careful that the product is not present at a concentration level above TLV. Check TLV on the MSDS
and with local authorities.

Section 7: Handling and Storage

Precautions:

Keep locked up.. Keep away from heat, Keep away from sources of ignition. Ground all equipment containing material. Do
not ingest. Do not breathe gas/fumes/ vapor/spray. Wear suitable protective clothing. In case of insufficient ventilation, wear
suitable respiratory equipment. If ingested, seek medical advice immediately and show the container or the label, Avoid
contact with skin and eyes. Keep away from incompatibles such as oxidizing agents, reducing agents, acids, alkalis,

Storage:

Store In a segregated and approved area (flammables area) . Keep container in a cool, well-ventilated area. Keep container
tightly closed and sealed until ready for use. Keep away from direct sunlight and heat and avoid all possible sources of ignition
(spark or flame),

Section 8: Exposure Controls/Personal Protection

Engineering Controls:
Provide exhaust ventilation or other engineering controls to keep the airborne concentrations of vapors below their respective
threshold limit value. Ensure that eyewash stations and safety showers are proximal to the work-station location.

Personal Protection:
Splash goggles. Lab coat. Vapor respirator. Be sure to use an approvedicertified respirator or equivalent. Gioves.

Personal Protection in Case of a Large Spill:

Spiash goggles. Full sult. Vapor respirator. Boots. Gloves. A self contained breathing apparatus should be used to avoid
inhalation of the product. Suggested protective clothing might not be sufficient; consult a specialist BEFORE handling this
product,

Exposure Limits:

TWA: 500 STEL: 750 (ppm) from ACGIH (TLV) [United States] TWA: 750 STEL: 1000 (ppm) from OSHA (PEL) [United
States] TWA: 500 STEL: 1000 [Austalia] TWA: 1185 STEL: 2375 (mg/m3) [Australia] TWA: 750 STEL: 1500 (ppm) [United
Kingdom (UK)] TWA: 1810 STEL: 3620 (mg/m3) [United Kingdom (UK)] TWA: 1800 STEL: 2400 from OSHA (PEL) [United
States]Consult local authorities for acceptable exposure limits.

Section 9: Physical and Chemical Properties

Physical state and appearance: Liquid.
Odor: Fruity. Mint-like. Fragrant. Ethereal
Taste: Pungent, Sweelish

Molecular Weight: 58.08 g/mole

Color: Colorless. Clear

pH (1% soln/water): Not available.
Bolling Point: 56.2°C (133.2°F)

Melting Point: -95.35 (-139.6°F)

Critical Temperature: 235°C (455°F)
Specific Gravity: 0.79 (Water = 1)
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Vapor Pressure: 24 kPa (@ 20°C)

Vapor Density: 2 (Alr=1)

Volatility: Nat available.

Ddor Threshold: 62 ppm

‘Water/Oil Dist. Coeff.: The product is more soluble in water; log{oil'water) = -0.2
lonicity {in Water): Mot available,

Dispersion Properties: See solubility in water.

Solubllity: Easily soluble in cold water, hol water.

Section 10: Stability and Reactivity Data

Stability: The product is stable.

Instability Temperature: Not available,

Conditions of Instability: Excess heal, ignition sources, expasure 1o meisiura, air, or water, iIncompatible materials.
Incompatibility with various substances: Reactive with oxidizing agenis, reducing agents, acids, alkalis,
Corrosivity: Non-corrosive in presence of glass.

Special Remarks on Reactivity: Nol avallable.

Special Remarks on Comrosivity: Mot available.

Polymerization: Will not cccur.

Section 11: Tu:l::nlnglna[ Information

Routes of Entry: Absorbed through skin. Dermal contact. Eye contactl. Inhalation,

Toxicity to Animals:
WARMING: THE LCS0 VALUES HEREUNDER ARE ESTIMATED ON THE BASIS OF A 4-HOUR EXPOSURE. Acute aral
toocicity (LOSO0Y 3000 mg'kg [Mouse]. Acute toxicity of the vapaor (LCS0): 44000 mgim3 4 hours [Mouse).

Chronic Effects on Humans:

CARCINOGENIC EFFECTS: A4 (Mot classifiable for human or animal.) by ACGIH. DEVELOPMENTAL TOXICITY: Classified
Reproductive systemioxinfemale, Reproductive syslemitoxin/male [SUSPECTED]. Causes damage o the following organs:
central nervous system (CNS). May cause damage io the following organs: kidneys, the reproductive system, liver, skin,

Other Toxic Effects on Humans:
Hazardous in case of skin contact (irritant), of ingeston, of inhalation. Sightly hazardous in case of skin contact {permeator).

Special Remarks on Toxicity to Animals: Nol avadlable.

Special Remarks on Chronic Effects on Humans:

May affect genatic matenal (mutagenicity} based on studies with yeast (5. cerevisiag), bactena, and hamster fibroblast cells.
May cause reproductive effects (ferility) based upon animal studies. May contain trace amounts of benzene and formaldehyde
which may cancer and birth defects, Human: passes the placental barrler,

Special Remarks on other Toxic Effects on Humans:

Acute Potential Heallh Effects: Skin: May cause skin irmitation. May be harmful if absorbed through the skin. Eyes: Causes
eye imitation, charactenzed by a burning sensation, redness, tearing, inflammation, and possible comeal injury, Inhalation:
Inhalation at high concentrations affects the sense organs, brain and causes respiratory tract irrtation. it also may affect the
Cantral Nervous System (behavior) charactenzed by dizzness, drowsiness, confusion, headache, muscle weakeness, and
possibly molor incoordination, speech abnommaliies, narcotic effects and coma. Inhalation may also affect the gasirointestinal
tract (nausea, vomiting). Ingestion: May cause imitation of the digestive (gastrointastinal) tract (nausea, vomiting). It may also
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affect the Central Nevous System (behavior), characlerized by depression, faligue, exciterent, stupor, coma, headache,
allered sleap time, ataxia, tremors as well at the blood, liver, and unnary system (kidney, bladder, ureter) and endocrine
system, May also have musculoskeletal effects. Chronic Potential Health Effects: Skin: May cause dermatitis, Eyes: Eye
irritation.

Section 12: Ecological Information

Ecotoxicity:
Ecotowicity in water (LC50): 5540 mgfl 86 hours [Trout]. 8300 mg 96 hours [Bluegill). Y500 mgf 86 hours [Fatthead Minnowl].
0.1 ppm any hours [Walter flaal.

BODS and COD: Not available.

Products of Biodegradation:
Possibly hazardous shor term degradation products are not likely. However, long term degradation products may arise.

Toxicity of the Products of Blodegradation: The product iisell and its products of degradation are not toxic,
Special Remarks on the Products of Biodegradation: Mot available.

Section 13: Disposal Considerations

Waste Disposal:
Waste mus! be disposed of in accordance with federal, state and local environmental control regulations.

Section 14: Transport Information

DOT Classification: CLASS 3: Flammable liquid.
Identification: : Acetona UNMNA: 1090 PG: Il
Special Provisions for Transport: Mot available,

Section 15: Other Regulatory Information

Federal and State Regulations:

California prop. 65: This product contains the following ingredients for which the State of California has found to cause
reproductive harm (male) which would reguire a waming under the statute; Benzene California prop. 65: This product contains
the following ingredients for which the State of California has found to cause birth defects which would require a warming under
the statute: Benzene California prop. 65: This product contains the following ingredients for which the State of California has
found to cause cancer which would require a waming under the siatute: Benzene, Formaldehyde Connecticut hazardous
matenal survey.. Acetone lllinois toxic substances disclosure to employee act: Acetone llinois chemical safety act: Acetone
New York release reporting list: Acetone Rhode Island RTK hazardous substances: Acetone Pennsyivania RTH: Acetone
Florida: Acetone Minnesola: Acetone Massachusells RTK: Acetone Massachusetts spill list: Acelone New Jersey: Acetone
MNew Jersey spill list: Acetone Louisiana spill reporting: Acetone California List of Hazardous Subslances (8 CCR 339)%:
Acetone TSCA 8(b) inventory: Acetone TSCA 4(a) final test rules: Acetone TSCA B(a) IUR: Acelone

Other Regulations:
O5HA: Hazardous by definition of Hazard Communication Standard (29 CFR 1810.1200). EINECS: This product is on the
European Inventory of Existing Commercial Chemical Substances,

Other Classifications:

WHMIS (Canada):
CLASS B-2: Flammable Hquid with a flash point lower than 37 8°C (100°F). CLASS D-2B: Material causing other toxic effects
(TOXIC).

p. 5
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DSCL (EEC):
R11- Highly flammable. R36- Irritating to eyes. S9- Keep container in a well-ventilated place. S16- Keep away from sources of
ignition - No smoking. S26- In case of contact with eyes, rinse immediately with plenty of water and seek medical advice.

HMIS (U.S.A.):
Health Hazard: 2
Fire Hazard: 3
Reactivity: 0
Personal Protection: h
National Fire Protection Association (U.S.A.):
Health: 1
Flammability: 3
Reactivity: 0
Specific hazard:

Protective Equipment:
Gloves, Lab coat. Vapor respirator. Be sure to use an approved/certified respirator or equivalent. Wear appropriate respirator
when ventilation is inadequate. Splash goggles.

Section 16: Other Information

References:

-Material safety data sheet issued by: la Commission de la SantA@ et de la SA&cuntA® du Travail du QuA@bec, -The Sigma-
Aldrich Library of Chemical Safety Data, Edition Il. -Hawley, G.G.. The Condensed Chemical Dictionary, 11e ed., New York
N.Y., Van Nostrand Reinold, 1987. LOLI, RTECS, HSDB databases. Other MSDSs

Other Special Considerations: Not available.
Created: 10/10/2005 08:13 PM
Last Updated: 05/21/2013 12:00 PM

The information above is believed to be accurate and represents the best information currently available to us. However, we
make no warranty of merchantability or any other warranty, express or implied, with respect to such information, and we assume
no liability resulting from its use. Users should make their own investigations to determine the suitability of the information for
their particular purposes. In no event shail Sciencel.ab.com be liable for any claims, losses, or damages of any third party or for
lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever arising, even if SciencelLab.com
has been advised of the possibility of such damages.
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Protection

Material Safety Data Sheet

Ferric chloride MSDS
Section 1: Chemical Product and Company ldentification
Product Name: Ferric chlonde Contact Information:
Catalog Codes: SLF1675, SLF2188 Sciencelab.com, Inc.
14025 Smith Rd.
CAS#: 7705-08-0 Houston, Texas 77396
RTECS: LJ9100000 US Sales: 1-800-901-7247

; ; International Sales: 1-281-441-4400
TSCA: TSCA 8(b) inventory: Ferric chloride ) \
Order Online: Sciencel.ab.com

Cl#: Not availabl

s CHEMTREC (24HR Emergency Telephone), call:
Synonym: 1-800-424-9300
Chemical Formula: FeCI3 International CHEMTREC, call: 1-703-527-3887

For non-emergency assistance, call: 1-281-441-4400

Section 2: Composition and Information on Ingredients

Composition:
Name CAS # % by Weight
Ferric chioride 7705-08-0 100

Toxicological Data on Ingredients: Ferric chlonde: ORAL (LD50): Acute: 900 mg/kg [Rat]. 1278 mg/kg [Mouse].

Section 3: Hazards Identification

Potential Acute Health Effects:

Very hazardous in case of ingestion, Hazardous in case of skin contact (irritant), of eye contact (irritant), of inhalation. Slightly
hazardous in case of skin contact (permeator). Corrosive to eyes and skin. The amount of lissue damage depends on length
of contact. Eye contact can result in corneal damage or blindness. Skin contact can produce inflammation and blistering
Inhalation of dust will produce irritation to gastro-intestinal or respiratory tract, characterized by buming, sneezing and
coughing, Severe over-exposure can produce lung damage, choking, unconsciousness or death.

Potential Chronic Health Effects:

CARCINOGENIC EFFECTS: Not available. MUTAGENIC EFFECTS: Not available. TERATOGENIC EFFECTS: Not available.
DEVELOPMENTAL TOXICITY: Not available. The substance is toxic to lungs, mucous membranes. Repeated or prolonged
exposure to the substance can produce target organs damage. Repeated exposure of the eyes to a low level of dust can
produce eye imitation, Repeated skin exposure can produce local skin destruction, or dermatitis. Repeated inhalation of dust
can produce varying degree of respiratory irritation or lung damage.

Section 4: First Aid Measures |
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Eye Contact:
Check for and remove any contact lenses. Immediately flush eyes with running water for at least 15 minutes, keeping eyelids
open. Cold water may be used. Do not use an eye ointment. Seek medical attention.

Skin Contact:

If the chemical got onto the clothed portion of the body, remove the contaminated clothes as quickly as possible, protecting
your own hands and body, Place the victim under a deluge shower. If the chemical got on the victim's exposed skin, such

as the hands : Gently and thoroughly wash the contaminated skin with running water and non-abrasive soap. Be particutarly
careful to clean folds, crevices, creases and groin. Cold water may be used. If irritation persists, seek medical attention. Wash
contaminated clothing before reusing

Serious Skin Contact:
Wash with a disinfectant soap and cover the contaminated skin with an anti-bacterial cream, Seek immediate medical
atlention.

Inhalation: Allow the victim to rest in a well ventilated area. Seek immediate medical attention.

Serious Inhalation:

Evacuate the victim lo a safe area as soon as possible. Loosen tight clothing such as a collar, tie, belt or waistband. If
breathing is difficult, administer axygen. If the victim is not breathing, perform mouth-to-mouth resuscitation. WARNING: It may
b hazardous 1o the person providing aid to give mouth-to-mouth resuscitation when the inhaled material is toxic, infectious or
corrosive. Seek immediate medical attention.

Ingestion:

Do not induce vomiting. Examine the lips and mouth o ascertain whather the lissues are damaged, a possible indication that
the toxic material was ingested; the absence of such signs, however, is not conclusive. Loosen tight clothing such as a collar,
fie, belt or waistband, If the victim is not breathing, perform mouth-to-mouth resuscitation, Seek immediate medical attention.

Serious Ingestion: Mot available.

Section 5: Fire and Explosion Data

Flammability of the Product: Non-flammable.

Auto-Ignition Temperature: Mol applicable.

Flash Points: Not applicable.

Flammable Limits: Mot applicable.

Products of Combustion: Not available.

Fire Hazards in Presence of Various Substances: Mot applicable,

Explosion Hazards in Presence of Various Substances:
Risks of explosion of the product in presence of mechanical impact: Not available. Risks of explosion of the product in
presence of static discharge: Not available.

Fire Fighting Media and Instructions: Not applicable.
Special Remarks on Fire Hazards: Mot available,
Special Remarks on Explosion Hazards: Not available,

Section 6: Accidental Release Measures

Small Spill:
Use appropriate tools to put the spilled solid in a convenient waste disposal container. If necessary: Meutralize the residue with
a dilute solution of sodium carbonate.

Large Spill:
Corrosive solid, Stop leak if without risk. Do not get water inside container. Do not touch spilled material. Use water spray
o reduce vapors, Prevent entry info sewers, basements or confined areas; dike if needed. Call for assistance on disposal,
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MNeutralize the residue with a dilute solution of sodium carbonate. Be careful that the product is not present at a concentration
level above TLY. Check TLV on the MSDS and with local authorities.

Section 7: Handling and Storage

Precautions:

Keep locked up Keep container dry. Keep away from heat. Keep away from sources of ignition. Keep away from direct sunlight
or strong incandescent light. Do notingest. Do not breathe dust. Never add water to this product Avoid shock and friction.
Wear suitable protective clothing In case of insufficient ventilation, wear suitable respiratory equipment If ingested, seek
medical advice immediately and show the container or the label. Avoid contact with skin and eyes

Storage: Corrosive materials should be stored in a separate safety storage cabinet or room.

Section 8: Exposure Controls/Personal Protection

Engineering Controls:

Use process enclosures, local exhaust venlilation, or other engineering controls to keep airborne levels below recommended
exposure limits. If user operations generate dust, fume or mist, use ventilation to keep exposure lo airborne contaminants
below the exposure limit,

Personal Protection:
Splash goggles. Synthetic apron. Vapor and dust respirator. Be sure to use an approved/certified respirator or equivalent.
Gloves.

Personal Protection in Case of a Large Spill:
Splash goggles. Full suit, Vapor and dust respirator. Boots. Gloves. A self contained breathing apparatus should be used to
avoid inhalation of the product. Suggested protective clothing might not be sufficient; consult a specialist BEFORE handling

this product.

Exposure Limits:
TWA: 1 CEIL: 2 {mg/m3) Consult local authorities for acceptable exposure limits.

Section 9: Physical and Chemical Properties

Physical state and appearance: Solid.
Odor: Mot available.

Taste: Not available.

Molecular Weight: 162.21 g/mole
Color: Mot available.

pH (1% soln/water): 2 [Acidic.]
Boiling Point: 316°C (600.8°F)
Melting Point: 306°C (582.8°F)
Critical Temperature: Mol available.
Specific Gravity: 2.9 (Water = 1)
Vapor Pressure: Not applicabla,
Vapor Density: 5.61 (Air=1)
Volatility: Mot available.

Odor Threshold: Mol available.
Water/Oil Dist. Coeff.: Not available.
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lonicity (in Water): Mot available.
Dispersion Properties: See solubility in water,
Solubility: Soluble in cold water.

Section 10: Stability and Reactivity Data

Stability: The product is stable.
Instability Temperature: Mot available.
Conditions of Instabllity: Not available.

Incompatibility with various substances:
The product may undergo hazardous decomposition, condensation or polymerization, it may react violently with water to emit
toxic gases or it may become self-reactive under conditions of shock or increase in temperature or pressure.

Corrosivity: Non-corrosive in presance of glass.
Special Remarks on Reactivity: Mol available,
Special Remarks on Corrosivity: Mol available,

Polymerization: No.

Section 11: Toxicological Information

Routes of Entry: Eye contact. Inhalation. Ingestion,
Toxicity to Animals: Acute oral toxicity (LD50): 900 mgkg [Rat].
Chronic Effects on Humans: The substance is toxic to lungs, mucous membranes.

Other Toxic Effects on Humans:
Very hazardous in case of ingestion, Hazardous in case of skin contact (irritant), of inhalation, Slightly hazardous in case of
skin contact (permeator).

Special Remarks on Toxicity to Animals: Mot available.
Special Remarks on Chronic Effects on Humans: Mot available,
Special Remarks on other Toxic Effects on Humans: Mot available.

Section 12 Emlnglcal Information

Ecotoxicity: Not available.
BODS and COD: Nol available,

Products of Biodegradation:
Possibly hazardous short term degradation products are not likely. Howewver, long term degradation products may arise.

Toxicity of the Products of Biodegradation: The producis of degradation are more toxic.
Special Remarks on the Products of Biodegradation: Not available.,

Section 13: Disposal Considerations

Waste Disposal:

p. 4

47



Section 14: Transport Information

DOT Classification; CLASS B: Corrosive solid.
Identification: : Ferric chloride, anhydrous : LUN1T73 PG: Il

Special Provisions for Transport: Mot available.

Section 15: Other Regulatory Information

Federal and State Regulations:
Pennsylvania RTK: Ferric chloride Massachusetts RTK: Ferric chloride TSCA B(b) inventory: Ferric chloride CERCLA:
Hazardous substances.: Ferric chloride

Other Regulations: OSHA: Hazardous by definition of Hazard Communication Standard (29 CFR 1910.1200).
Other Classifications:

WHMIS (Canada):
CLASS E: Corrosive solid. CLASS F: Dangerously reactive matenal,

DSCL (EEC): R36/38- Irritating to eyes and skin.
HMIS (U.5.A):
Health Hazard: 3
Fire Hazard: D
Reactivity: 2
Personal Protection: |
Mational Fire Protection Association (U.5.A.):
Haealth: 3
Flammability: 0
Reactivity: 2
Specific hazard:

Protective Equipment;
Gloves, Synthetic apron. Vapor and dusl respirator. Be sure to use an approved/certified respirator or equivalent. Wear
appropriate respirator when ventilation is inadeguate. Splash goggles.

Section 16: Other Information

References: Mot avallable,

Other Special Considerations: Mot available,
Created: 10/08/2005 05:32 PM

Last Updated: 05/21/2013 12:00 PM

The information above is believed to be accurale and represents the best information currently available to us. However, we
make no warranty of merchantabiiity or any other warranty, express or imphied, with respect to such information, and we assume
no fability resulting from its use. Users show'd make their own investigations fo determing the suitabilify of the mformation for
their particular purposes. In no even! shall Sciencelab.com be Nable for any claims, losses, or damages of any third parly or for
lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever ansing, even if Sciencelab.com
has been advised of the possibility of such damages.
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ﬁ Science Lab com

Chemicals & Laboratory Equipment 0

Reactivity 0

Personal A
Protection

Material Safety Data Sheet
Water, Purified MSDS

Section 1: Chemical Product and Company Identification

Product Name: Water, Purified Contact Information:

Catalog Codes: SLP4732 Sciencelab.com, Inc.
14025 Smith Rd.

CAS#: 7732-18-5 Houston, Texas 77396

RTECS: ZC0110000 US Sales: 1-800-901-7247

International Sales: 1-281-441-4400
Order Online: SciencelLab.com

CHEMTREC (24HR Emergency Telephone), call:

TSCA: TSCA 8(b) inventory: Water
Ci#: Not available.

Synonym: Dihydrogen oxide 1-800-424-9300
Chemical Name: Water International CHEMTREC, call: 1-703-527-3887
Chemical Formula: H20 For non-emergency assistance, call: 1-281-441-4400

Section 2: Composition and Information on Ingredients

Composition:
Name CAS # % by Weight
Water 7732-18-5 100

Toxicological Data on Ingredients: Not applicable.

Section 3: Hazards Identification

Potential Acute Health Effects:

Non-corrosive for skin. Non-irritant for skin. Non-sensitizer for skin, Non-permeator by skin. Non-irritating to the eyes, Non-
hazardous in case of ingestion. Non-hazardous in case of inhalation. Non-irritant for lungs. Non-sensitizer for lungs. Non-
corrosive to the eyes. Non-corrosive for lungs.

Potential Chronic Health Effects:

Non-corrosive for skin. Non-irritant for skin. Non-sensitizer for skin, Non-permeator by skin. Non-irritating to the eyes.
Non-hazardous in case of ingestion. Non-hazardous in case of inhalation. Non-irritant for lungs. Non-sensitizer for lungs.
CARCINOGENIC EFFECTS: Not available. MUTAGENIC EFFECTS: Not available. TERATOGENIC EFFECTS: Not available.
DEVELOPMENTAL TOXICITY: Not available.

Section 4: First Aid Measures

Eye Contact: Not applicable.
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Skin Contact: Not applicable.
Serious Skin Contact: Not available.
Inhalation: Not applicable.

Serious Inhalation: Not available,
Ingestion: Not Applicable

Serious Ingestion: Not avaiiable,

Section 5: Fire and Explosion Data

Flammability of the Product: Non-flammable.

Auto-ignition Temperature: Nol applicable.

Flash Points: Not applicable

Flammable Limits: Not applicable.

Products of Combustion: Not available.

Fire Hazards in Presence of Various Substances: Not applicable.
Explosion Hazards in Presence of Various Substances: Not Applicable
Fire Fighting Media and Instructions: Not applicable.

Special Remarks on Fire Hazards: Not available,

Special Remarks on Explosion Hazards: Not available.

Section 6: Accidental Release Measures

Small Spill: Mop up, or absorb with an inert dry material and place in an appropriate waste disposal container.

Large Spill: Absorb with an inert material and put the spilled material in an appropnate waste disposal,

Section 7: Handling and Storage

Precautions: No specific safety phrase has been found applicable for this product.
Storage: Not applicable.

Section 8: Exposure Controls/Personal Protection

Engineering Controls: Not Applicable

Personal Protection: Safely glasses. Lab coat.

Personal Protection in Case of a Large Spill: Not Applicable
Exposure Limits: Not available.

Section 9: Physical and Chemical Properties

Physical state and appearance: Liquid.
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Odor: Odorless.

Taste: Mol available.

Molecular Weight: 18.02 g/mole
Color: Colorless.

pH (1% solniwater): 7 [Neutral ]
Boiling Point: 100°C (212°F)
Melting Point: Mol available,

Critical Temperature: Mot available.
Specific Gravity: 1 (Water=1)
Vapor Pressure: 2.3 kPa (@ 20°C)
Vapor Density: D.62 (Air=1)
Volatility: Mot available,

Odor Threshold: Mot available.
Water/Oil Dist. Coeff.: Not available,
lonicity (in Water): Mot available.
Dispersion Properties: Mol applicable
Solubility: Not Applicable

Section 10: Stability and Reactivity Data

Stability: The product is stable,

Instability Temperature: Mot available.

Conditions of Instability: Mot available.

Incompatibility with various substances: Not available.
Corrosivity: Mot availabla.

Special Remarks on Reactivity: Nol available,

Special Remarks on Corrosivity: Mot available.
Polymerization: Will not occur.

Section 11: Toxicological Information

Routes of Entry: Absorbed through skin. Eye contact.

Toxicity to Animals:
LDS0: [Rat] - Route: oral; Dose: = 90 mifkg LC50: Nol available,

Chronic Effects on Humans: Mot available.

Other Toxic Effects on Humans:

MNon-corrosive for skin. Non-irritant for skin. Mon-sansitizer for skin. Non-permeator by skin. Non-hazardous in case of
ingestion. Non-hazardous in case of inhalation, Non-irritant for lungs. Mon-sensitizer for lungs. Non-corrosive o the eyes. Non-
corrosive for lungs.

Special Remarks on Toxicity to Animals: Mot available.
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Special Remarks on Chronic Effects on Humans: Mot available.
Special Remarks on other Toxic Effects on Humans: Not available.

Section 12: Ecological Information

Ecotoxicity: Mot available.
BODS and COD: Mot available,
Products of Biodegradation:

Possibly hazardous short term degradation products are not likely, However, long term degradation products may arise.

Toxicity of the Products of Biodegradation: The product ilself and its products of degradation are not toxic.
Special Remarks on the Products of Biodegradation: Not available.

Section 13: Disposal Considerations

Waste Disposal:
Waste must be disposed of in accordance with federal, state and local environmental control regulations.

Section 14: Transport Information

DOT Classification: Mol a DOT controlled material (United States).
Identification: Mol applicable.
Special Provisions for Transport: Mot applicable.

Section 15: Other Regulatory Information

Federal and State Ragulations: TSCA 8(b) inventory: Water

Other Requlations: EINECS: This product is on the European Inventory of Existing Commercial Chemical Substances.

Other Classifications:
WHMIS (Canada): Not controlled under WHMIS (Canada).

DSCL (EEC):
This product is not classified according to the EU regulations. Not applicable,

HMIS (U.5.A.):
Health Hazard: 0
Fire Hazard: 0
Reactivity: 0
Personal Protection: a
National Fire Protection Association (U.5.A.):
Health: 0
Flammability: 0
Reactivity: 0
Specific hazard:
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Protective Equipment:
Not applicable. Lab coat. Not applicable. Safety glasses.

Section 16: Other Information

References: Not available.

Other Special Considerations: Not available.
Created: 10/09/2005 06:14 PM

Last Updated: 05/21/2013 12:00 PM

The information above is believed to be accurate and represents the best information currently avallable to us. However, we
make no warranty of merchantability or any other warranty, express or implied, with respect to such information, and we assume
no lhiability resulting from its use. Users should make their own investigations to determine the suitability of the information for
their particular purposes. In no event shall Sciencel.ab.com be liable for any claims, losses, or damages of any third party or for
lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever arising, even if Sciencelab.com
has been advised of the possibility of such damages.
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Health

g Science Lab com

Chemicals & Laboratory Equipment Reactivity 2

Personal 1
Protection

Material Safety Data Sheet
Sodium hydroxide, Pellets, Reagent ACS MSDS

Section 1: Chemical Product and Company Identification

Product Name: Sodium hydroxide, Pellets, Reagent ACS Contact Information:

Catalog Codes: SLS4090 Sciencelab.com, Inc.
14025 Smith Rd.

CAS#: 1310-73-2 Houston, Texas 77396

RTECS: WB4800000 US Sales: 1-800-901-7247

International Sales: 1-281-441-4400
Order Online: Sciencelab.com

CHEMTREC (24HR Emergency Telephone), call:

TSCA: TSCA 8(b) inventory: Sodium hydroxide
CI#: Not available.

Synonym: Caustic Soda 1-800-424-9300
Chemical Name: Sodium Hydroxide International CHEMTREC, call: 1-703-527-3887
Chemical Formula: NaOH For non-emergency assistance, call: 1-281-441-4400

Section 2: Composition and Information on Ingredients

Composition:
Name CAS # % by Weight
Sodium hydroxide 1310-73-2 100

Toxicological Data on Ingredients: Sodium hydroxide LD50: Not available. LC50: Not available.

Section 3: Hazards Identification

Potential Acute Health Effects:

Very hazardous in case of skin contact (corrosive, irritant, permeator), of eye contact (irritant, corrosive), of ingestion,

of inhalation. The amount of lissue damage depends on length of contact. Eye contact can result in corneal damage or
blindness. Skin contact can preduce inflammation and blistering. Inhalation of dust will produce irritation to gastro-intestinal or
respiratory tract, characterized by burning, sneezing and coughing. Severe over-exposure can produce lung damage, choking,
unconsciousness or death. Inflammation of the eye is characterized by redness, watering, and itching. Skin inflammation is
characterized by itching, scaling, reddening, or, occasionally, blistering.

Potential Chronic Health Effects:

CARCINOGENIC EFFECTS: Not available. MUTAGENIC EFFECTS: Not available. TERATOGENIC EFFECTS: Not available,
DEVELOPMENTAL TOXICITY: Not available. The substance is toxic to lungs. Repeated or prolonged exposure 1o the
substance can produce target organs damage. Repeated exposure of the eyes to a low level of dust can produce eye irritation.
Repeated skin exposure can produce local skin destruction, or dermatitis. Repeated inhalation of dust can produce varying
degree of respiratory irritation or lung damage.
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Section 4; First Aid Measures

Eye Contact:
Check for and remove any contact lenses. In case of contact, immediately flush eyes with plenty of water for at least 15
minutes. Cold water may be used. Get medical attention immediately.

Skin Contact:

In case of contact, Immediately flush skin with plenty of water for at least 15 minutes while removing contaminated clathing
and shoes. Cover the irritated skin with an emollient. Cold water may ba used.Wash clothing before reuse. Thoroughly clean
shoes before reuse. Get medical attention iImmediately.

Serious Skin Contact:
VWash wilth a disinfectant soap and cover the contaminated skin with an anti-bacterial cream, Seek medical attention

Inhalation:
If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give oxygen. Get medical
attention iImmediately

Serious Inhalation:

Evacuate the victim to a safe area as soon as possible. Loosen tight clothing such as a collar, tie, belt or waistband. If
breathing is difficult, administer coorgen, If the victim is not breathing, perform mouth-to-mouth resuscitation. WARNING: It may
be hazardous to the person providing aid to give mouth-to-mouth resuscitation when the inhaled material is toxic, infectious or
corrosive, Seek immediale medical atlention.

Ingestion:

Do MOT induce vomiting unless directed to do so by medical personnel. Never give anything by mouth to an unconscious
person. If large quantities of this matarial are swallowed, call a physician immediately. Loosen tight clothing such as a collar,
tie, belt or waistband.

Serious Ingestion: Mol available,

Section 5: Fire and Explosion Data

Flammability of the Product: Noen-flammable,

Auto-Ignition Temperature: Not applicable.

Flash Points: Not applicable.

Flammabile Limits: Not applicable.

Products of Combustion: Mot available.

Fire Hazards in Presence of Various Substances: of metals

Explosion Hazards in Presence of Various Substances:
Risks of explosion of the product in presence of mechanical impact: Not available. Risks of explosion of the product in
presence of static discharge: Not available. Slightly explosive In presence of heat.

Fire Fighting Media and Instructions: Mot applicable,

Special Remarks on Fire Hazards:

sodium hydroxide + zinc metal dust causes ignition of the latter. Under proper conditions of temperature, pressure and state
of division, it can ignile or react violently with acetaldehyde, ally alcohol, allyl chloride, benzene-1.4-diol, chiorine trifluoride,
1,2 dichlorethylene, nitroethane, nitromethane, nitroparaffing, nitropropane, cinnamaldehyde, 2,2-dichioro-3, 3-dimeathylbutane.
Sodium hydroxide in contact with water may generate enough heat to ignite adjacent combustible materials. Phosphorous
boiled with NaOH yields mixed phosphines which may ignite spontanously in air. sodium hydroxide and cinnamaldehyde +
heat may cause ignition. Reaction with certain metals releases flammable and explosive hydrogen gas,

Special Remarks on Explosion Hazards:

Sodium hydroxide reacts to form explosive products with ammonia + silver nitrate, Benzene extract of allyl benzenesulfonate
prepared from allyl alcohol, and benzene sulfonyl chloride in presence of aguesous sodium hydroxide, under vacuum
distillation, residue darkened and exploded. Sodium Hydroxde + impure tetrahydrofuran, which can contain peroxides, can
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cause serious explosions. Dry mixtures of sodium hydroxide and sodium tetrahydroborate liberate hydrogen explosively at
230-270 deq. C. Sodium Hydroxide reacts with sodium sall of trichlorephenol + meathyl alcohol + trichlorobenzense + heat 1o
cause an explosion.

Section 6: Accidental Release Measures

Small Spill:
Use appropriate tools to put the spilled solid in a convenient waste disposal container. If necessary: Neutralize the residue with
a dilute solution of acelic acid.

Large Spill:

Corrosive solid. Stop leak if without risk. Do not gel water inside container. Do not louch spilled material. Use water spray
lo reduce vapors. Prevent entry into sewers, basements or confined areas; dike if needed. Call for assistance on disposal.
Meutralize the residue with a dilute solution of acetic acid. Be careful that the product is not present at a concentration level
above TLV. Check TLV on the MSDS and with local authorities.

Section 7: Handling and Storage

Precautions:

Keep container dry. Do not breathe dust. Never add water to this product. In case of insufficient ventilation, wear suitable
respiratory equipment. If you feel unwell, seek medical attention and show the label when possible. Avoid contact with skin
and eyes. Keep away from incompatibles such as oxidizing agents, reducing agents, metals, acids, alkalis, moisture.

Storage: Keep container tightly closed. Keep container in a cool, well-ventilated area. Do nol store above 23°C (73 .4°F).

Section 8: Exposure Controls/Personal Protection

Engineering Controls:

Use process enclosures, local exhaust ventilation, or other enginearing controls to keep airborne levels below recommended
exposure limits. If user operations generate dust, fume or mist, use ventilation to keep exposure o airborne contaminants
below the exposure limit,

Personal Protection:
Splash goggles. Synthetic apron. Vapor and dust respirator, Be sure 1o use an approved/certified respirator or equivalent.
Gloves.

Personal Protection in Case of a Large Spill:
Splash goggles. Full suit. Vapor and dust respirator. Boots. Gloves. A self contained breathing apparatus should be used to
avoid inhalation of the product. Suggested protective clothing might not be sufficient: consult a specialist BEFORE handling

this product.

Exposure Limits:
CEIL: 2 from ACGIH (TLV) [United States] [1995] Consult local authorilies for acceptable exposure limits.

Section 9; Physical and Chemical Properties

Physical state and appearance: Solid.
Odor: Odorless.

Taste: Mol available.

Molecular Weight: 40 g/mole

Color: White.

pH (1% soln/water); 13.5 [Basic.]
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Boiling Point: 1388°C (2530.4°F)
Melting Point: 323°C (613.4°F)
Critical Temperature: Not available.
Specific Gravity: 2.13 (Water = 1)
Vapor Pressure: Not applicable.
Vapor Density: Not available.
Volatility: Not available.

Odor Threshold: Not available.
Water/Oil Dist. Coeff.: Not available
lonicity (in Water): Not available.
Dispersion Properties: See solubility in water.
Solubility: Easily soluble in cold water.

Section 10: Stability and Reactivity Data

Stability: The product is stable.
Instability Temperature: Not available.
Conditions of Instability: Not available.

Incompatibility with various substances:
Highly reactive with metals. Reactive with oxidizing agents, reducing agents, acids, alkalis, moisture.

Corrosivity: Not available.

Special Remarks on Reactivity:

Hygroscopic. Much heat is evolved when solid material is dissolved in water. Therefore cold water and caution must be

used for this process. Sodium hydroxide solution and octanol + diborane during a work-up of a reaction mixture of oxime

and diborane in tetrahyrofuran is very exothermic, a mild explosion being noted on one occassion. Reactive with water,

acids, acid chlorides, strong bases, strong oxidizing agents, strong reducing agents, flammable liquids, organic halogens,
metals (i.e aluminum, tin, zinc), nitromethane, glacial acetic acid, acetic anhydride, acrolein, chlorohydrin, chloresulfonic acid,
ethylene cyanohydrin, glyoxal, hydrochloric acid, sulfuric acid, hydrosulfuric acid, nitric acid, oleum, propiolactone, acylonitrile,
phorosous pentoxide, chloroethanol, chloroform-methanol, tetrahydroborate, cyanogen azide, 1,2,4,5 tetrachlorobenzene,
cinnamaldehyde. Reacts with formaldehyde hydroxide to yield formic acid, and hydrogen.

Special Remarks on Corrosivity: Very caustic to aluminum and other metals in presence of moisture.
Polymerization: WIll not occur,

Section 11: Toxicological Information

Routes of Entry: Absorbed through skin. Dermal contact. Eye contact. Inhalation. Ingestion,

Toxicity to Animals:
LD50: Not available, LC50: Not available,

Chronic Effects on Humans: Causes damage to the following organs: lungs.

Other Toxic Effects on Humans:
Extremely hazardous in case of inhalation (lung corrosive), Very hazardous in case of skin caontact (corrosive, irritant,
permeator), of eye contact (corrosive), of ingestion, .

Special Remarks on Toxicity to Animals:

p.4
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Lowest Published Lethal Dose: LDL [Rabbil] - Route: Oral; Dose: 500 mg'kg

Special Remarks on Chronic Effects on Humans: May affect genatic material (mutagenic). Investigation as a mutagen
(cytogenetic analysis), but no data available.

Special Remarks on other Toxic Effects on Humans:

Acute Potential Health Effects: Skin; May be harmiul if absorbed through skin. Causes severa skin irritation and burms. May
cause deep penetrating ulcers of the skin. Eves: Causes severe eye irritation and burns. May cause chemical conjunctivitis
and comeal damage. Inhalation: Harmful if inhaled, Causes severe irritation of the respiratory tract and mucous membranas
with coughing, burns, breathing difficulty, and possible coma. |rritation may lead the chemical pneumonitis and pulmonary
edema. Causes chemical burns to the respiratory tract and mucous membranes. Ingestion: May be fatal if swallowed. May
cause severe and permanent damage to the digestive tract. Causes severe gastrointestinal tract irritation and burns, May
cause perforation of the digestive tract, Causes severe pain, nausea, vomiling, diarrhea, and shock. May cause comosion and
permanent destruction of the esophagus and digestive tract,

Section 12: Ecological Information

Ecotoxicity: Not avallable.
BODS and COD: Not available.

Products of Biodegradation:
Possibly hazardous shor term degradation products are nol likely. However, long term degradation products may arise.

Toxicity of the Products of Bicdegradation: The product itself and its products of degradation are not toxic.
Special Remarks on the Products of Biodegradation: Mot avallable.

Section 13: Disposal Considerations

Waste Disposal:
Waste must be disposed of in accordance with federal, state and local environmental confrol regulations.

Section 14: Transport Information

DOT Classification: Class 8 Corrosive material
Identification: : Sodium hydroxide, solid UNNA; 1823 PG: ||
Special Provisions for Transport: Not available.

Section 15: Other Regulatory Information

Federal and State Regulations:

lflingis toxic substances disclosure to employes act: Sodium hydroxide lllinois chemical safety act: Scdium hydroxide New
York release reporting list: Sodium hydroxide Rhode island RTK hazardous substances: Sodium hydroxide Pennsylvania
RTK: Sodium hydroxide Minnesota: Sodium hydroxide Massachusetls RTK: Sodium hydroxide New Jersey: Sodium hydroxide
Louisiana spill reporting: Sodium hydroxide California Director's List of Hazardous Substances: Sodium hydroxide TSCA 8(b)
inventory; Sodium hydroxide CERCLA: Hazardous substances.: Sodium hydroxide: 1000 |bs. (453.6 kg)

Other Regulations:
OSHA: Hazardous by definition of Hazard Communication Standard (29 CFR 1910.1200). EINECS: This product is on the
European Inventory of Existing Commercial Chemical Substances,

Other Classifications:
WHMIS (Canada): CLASS E: Corrosive solid.
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DSCL (EEC):
HMIS (U.5.A.):
Health Hazard: 3
Fire Hazard: 0
Reactivity: 2
Personal Protection: |
Mational Fire Protection Association (U.S.A.):
Health: 3
Flammability: 0
Reactivity: 1
Specific hazard:

Protective Equipment:
Gloves. Synthetic apron. Vapor and dust respirator. Be sure to use an approvedicertified respirator or equivalenl. Wear
appropriate respirator when ventilation is inadequate. Splash goggles.

Section 16: Other Information

References: Mot available.

Other Special Considerations: Mol available,
Created: 10/02/2005 06:32 PM

Last Updated: 05/21/2013 12:00 PM

The information above is believed to be accurate and represents the best information currently available to us. However, we
make no warranly of merchantability or any other warranty, express or implied, with respect to such information, and we assume
no Nability resulting from its use. Users shouw/d make their own investigalions fo determine the suitability of the information for
their particutar purposes. In no event shall Sciencelab.com be Nable for any claims, losses, or damages of any third party or for
lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever arising, even if Sclencelab.com
has been advised of the possibility of such damages.
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