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Abstract

Cheraical etching 1s the contralkod dusolinion of workpeace maternl by contact with wrong chemical whaion The procoe can b applicd
%0 3y makcrial Copper o one of the cucnevely weed ayg neeriag raxmal 1s 1 Bhncatos of mioes kot ik campoaaii, mecroes pracaad
atructance and prociaos parts by uniag chemical eiching procea. Ia this sady, copper i chemically cichad with twe differoat exchants (famc
chlorade and cupec chilonde) ae 39°C. The afiocts of sckeciad eochunes 3ad suchiniag cond noos oo e depth of cich 2ad arics roughsas
were ivedigeod, The expenmantal sudy provided tha farnc chilonde pradiced the Sweoe chomical axch raee, bat cupesc chlonde peodaced

i enoothos wrbce qualiny.
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1. lntredaction

Advancomat in the proceses bas oo
concertealed m the use of new tooks and energy fornms, These
dovelopments producad differenl new machining procescs
“rostraditionsl machising procosey”. They have been euten-
snvely and succondally wed since 1950,

Nostraditionsl machinng processes sec widely cmployod
o manufachee poomctnically complex snd high-dencrascal
sccueale muchine ports from advanced matersiby in indestrics
ax dveree 35 acrospace, clectromos md sdomotve. More-
wad in mecon-stee parts production. The trend soom in-
creaming u futare,

Chemical siching i onc of the ddedt nontadiionsl ma-
chaing procoses. [t sex stromg chamical solation, whach
i called etchast, lo renove uswartod workpiece matersal by
controliad doscluton. The peocon s widely uad in clectzon-
nmmmdw‘ddﬂubm
micro-componests. [l i alw 3 weful procos = semoving
seaternal from oot componcnts b reduce waghl. i can be

* Conmapondiog sduc
Lol addrvin ocalund & adun | O, Cakan,

G401 A = ok et snar © 2005 Eleonier ILY. AN dgvn saanved
o 10, 1 00, Jrmanprotes. 208 0065

spplcd W aery cagincening muatenal from soel o siboon. The
proces o senctimes callad chonical mackinng, chamacd
milkag, wet ciching, cching, o [1].

Chemical eichang is nol 3 new procees # is used %o supe
mictals i the ancaont Egypt where copper wan cichad with it
ric acad o produce gewelky aroend 2500 e, The procee re-
placad hnd-toul engraving process in the |5th century, min-
cral acids were uead for weapoes, belmeots and becaeplaies.
Inthe |1 7th centiry, il was wed foe the vt bene o 2 muanufac-
turing process of socd parts. Developments in the chemistry
providad sagrificant advancement, vasious scxd typex peo-
ducad and romts were Sscovered during thelSth and 19t
conturies [2,3).

Farst paterst (Beitnh Patont: $65) wans taken by Willsan Fou
weng femic chlonds (Fe(l)) for ciching copper. Later, Juba

desenbod chemical ciching of materuubs from two
stdex inthe US Patont 378,423 m 1963 [3]. The development
of the procos contmead = biler yoas

Majee were notoad afier the Secoed World
W and the process bas been widcly sppliad = muasufac-
Raring provess simce 19506 Fird mduntrad apphbcaton was
conductad by the Neeth Amencan Aviation, Inc. (California,
USA) o oich sluminium composcnts for rockets, The cor-
parry ramod the peoceas “chomical millieg™ and patonied 2
(US Patees Nec 2,739.047) m 1956, The procens was abo




FAKULTAS TEKNIK

UNIVERSITAS MUHAMMADIYAH SURAKARTA

JURUSAN TEKNIK MESIN
JI. A. Yani Pabelan — Kartasura Tromol Pos |, Surakarta,57102
Telp. 62-271-717417 psw 222, fax 62-271-725084, e-mail: mesin@ums.ac.id

fal? R, iy vl e o v Proooning Reslnaslogse i3T5 (3 TT3-770

used for removing cxcos maws Pom alummium wag sk

i vher scframe parts. The advimccmenl m e procos

compenenls |omedical parts and decontive ilems. The peo-

cems hus shaniages reer sdiional macheing procsscs anc

-5

i Regqueed no special ook

b Short nevessary machinmg lime;

¢ Fanly conemical machining procesig

il Mo phniic s

& Muchne comples poomeisical shapes with bagh procsion.
Copper, i one of the mgor ammercial mpneening ma-

Eerials, 15 cxfenarecly e in various indosines auch as dee-

i, aulomoive and chemical mdulrics bosime of it

execllent electrical snd thermual comductiviics, good strength
Copper chermeally michined with Slfrend cichanis for

various applatams. Manly Fell. cupnc chlende (Cull3)

i aremonzszal alkabne dchands hiree beenused. The scloc-

pruperisc as Follow [7,4):

a. High machming cale;

b Essy eomirol snd siable machinn g peocess;

& Cierezation of m oo fomes;

i Hegeneration of wasc cichant srd copper recovey;
e Eminmmentally frandly.

Fellh i im enivenal cichan! and can be wind for gencral
enpmcern g noicrials such s sieck, aleminiun arad itsallys,
copper and i alloys, mickel, cic. It is very uschl sickani for
s s ke copper ciching peocess. |1 cmn digsobee copper up
f appronanaiely L10gpd of the prolengal chemical cching
e i sccepiable. Major seiback of s clchant m the im-
presibilily to regencraie coonmically. This practically rales
ol ils e fon e copper ciching applcatas. Copper -
covery fnmm the usal cichand & Sfficull ared coonimically
not posible, Virious copper cichang shadies comducied with
FeCly 4021 The ciching process was hagh and produced

Cully provide: sapal chemical cching. I offers e ad-
i b bagher than Fo(l, e, snumd | 50 g in practical ap-
phicabioni. 1 produces oo dudge formation as FeCly docs,
Thercioer thin cichomil seom mire cooomnel cichunl for
copper clchmn g m aovmparnison o Fe(l. The liemles servey
menium thal although the cich eaie of Cully is kewer than
FeCly, itis muee s nble cichan! e copperand coppe ol oy
chching [f-13,L5-T4).

Ammonsecal slkabne dohants bave indwinally intes-
duced in ke beymeng of 190w The chemical resction
of theie dchinls 5 more complex thas Fell, and CuCly
cichants, They can disn ve up o 215 g copper imd provades
higher ciching caies. bl ol the cichanis soc propriciary for-
mulations and details arc hedly svalshle. The stability of

clchant menitical. Theeiching process is dlmsad-koop sysiem
ardd neods hagh srecsiment. These clchanis can berogencratiad
arel sichel copper can ke rocoverad. These cichants are only
ceonmnical il cupper cichmp proces is @ mas podetion
|

[ %kllu.:tmi:.puh‘:dluh‘niimlﬂ]":ﬂh.ﬂ
CulCly arx suihle cichani for low and mediom produc-
tiem levele Thes: dee alsr capable b machine copper al-
lirps. Therclore the present sudy concenirated on S o
clcharis for chemical cichmy of copper.

Fie FelCly cichanl applicd for copper, the conceniraliin
af the cichant sl should be ligher thin 1 M, clberwiae,
il m peporicl, surfece finzth would be poorn. However bigh
clchunl conconirabon decroases cich maie [4).

The we of CuCly cichant pesmls differeal propertice
The cicheale inceeases with incressmy clchant concenirataon.
clchanl concentratan produced o bofer arfsce guality [25]

The sclection of dchng kmpesiiare milueees cich nie
arsd surface finish, Io industnial spplicatiom oflchemical cich-
ing af copper, (b highest posible cching emperature the
clchanl machme alkvwed s mol The: vales @ soond 50°C.
poce st ity [25]

In this sudy, the sclecied Fel'ly ond Colly chemical
clchanis were wal o machine copper chemically. The con-
cenkalions of Bicss cichimis were 3,76 M G Fe(ly and
13IM fie Colly. The sclocted chemueal cichany kempers-
hee was 3000, dhis value was genenally applicd for indus-
emduciad in beaker. The shaly concenirsiod on the parame-
leri off depth of siches, arface noughness and dchal copper
wrights. The mikuenee ol cichant solution m e parenclers

L Exprrimeatal

The sclecied copper matenial was decirolytic lough pitch
bk coveeductey ity copper | 190 code s Cu-ETFand i chem-
ical compesition was HU0 Do, 055 b and D0H%
Bi The handncss of mafermb win 55 HY. The thicknes of
speceners was | mm oand ool ol Nhem = Wiikem dimen-
sion. The specimens wees cloaned o remove chemical and
perticelalc contaminatiom sach s oil, wax, grease, s, oo
itke and d=l in ulinsmic clening machme. The poepanad
tleaning solutson was mrctere of distillad waler and sddilion
ol %l HOL The clesnmp process was compleiod a8 4070 fr
15 mm. The cleancd specimens weee mscd with p waler
ared subscquenily exiening by dnppieg waler on the cleanad
serfaces. A umiform, omlissous lhan Elm of walcs spreading
ireer ke cloaned serfaces mdicaind thal the surfsce cleaning
WE

Fely and CuCly chermacal dlchenis were peopared st 1,76
ared 2.0 M, respectrechy. The smount of cchant for cach -
periment wos |00 ml, Echant was powred imle beaer thal
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Fig. |, Expariman sn-ag of chamicsl anching i Baskor.,

peatere (Fig. L The schooiod machinmyg, lemperalee was
Sz 10, Doshke-sidad chenmcl diching process was con-
ducied. The chemical ciching perad was 25 min in fofal axl
the mepurcmenis were compleied alfer S-mm inlerala

The mesurameals of Bickncss weee carriod ol by M-
tulirpy outside micromeler (dovmtnon was LM b and -
(e nughnes wis moswed by Tavle-Hobson Sertronic
3+, For cach clchanl, lhree specimens weee chemically ma-
chmed snd e deiTerenl mcasoremenis weore faken fnm
cach specEnen.

1. Experimesial resslis and dncusssan

It s importet W finad the chemical maction. of schocad
copper mulerial with cichanl. Esch cichant rescis & ferently

img chermical The chermical eeschion of
copper with Felly moas folliws:

Fell+ O — Faellz+ Cull 11

Copper ia onitheed by the ferme ioms, frmmg cuprows chls-
midke T and fermos chloride (FeCly ). Coll onideesd foe-
ther m the cichan) sobution ko produce CuCly a8 flkows:

Felly + Culll — Fally + Cully 12
The buali-up CuCly iteclf reacts als with copper and fiems
Ul sharwn b

Tl 4 0n — X ol (L]

The chermal rescton of Cully with copper is simple. The
copper surfscs pets aftacked by CuCly while CulCl s frmed
The dichunl sububion is ol effective m forther chormcal doh-

i PrOCEE,
Tl + 0 — X ull i€

P

E E

B

Capih al stchi |

n H i M
Eizhing tirsa {min|
i SR THEEE o ol Chisres

Fige L. Dot v Fonchs gkt o gl 1Limei

lican bevoticed thatusing Folly cichani for chemical cichmy,
of copper comnpilen. chemmeal resctaon and provides
Fe™, O™ and Cu®, bl weing Cully oy produces Os*.
This is & mugor factos fix the eyencraton of spenl cichant
afier chemical clchmyg process, 11 is 4 general approsch that
repeneralion of any spent cichand is casy and cosnomical i
the spenl cichant s simple. From this poanl, CuCly seema
miore skl cichani for chemical cickang of copper.

The depih of cich was cusmmal ad the ol were
shown m Fig. 1. I was observed thal the uie off Fe(ly peo-
dwcend b highest value m comparzan o CuCly cchanl. Aldler
2umin depths of cich value weee 214 pm for
FeilCly ima E5 pen for ColCl; cichants. The chermmeal cdch rate
=3 pmémin B Felh and 34 pmfmin e Cullh.

Fell; sichaml m copper machining bohorecs like bwo
cichanti m the procosi. The main cickanl is Felly and the

clchanl m Ol Thes cieses & bigher cich e m
comparnismn Cully sickonl onky

The st of nxfice nughecs for cach cichant
wih conducied and the rewdls weee gieen in Fig. 1, (en-
cxal eapecistion from cheml diching procees s B obiain
the bl possbls surfce fmish The is peatly impostanl in
the weight naducian of malcrsil 1L was observed (hai Foll
produced a nugher surlsos roughness than CuCly.

The wrfscs roughncn dozcased in Bie bogmeng of
cesw in FeCly spplication. Afler |5mmn cichmyg peniod, the
srise poughness value beeame stable. The srfice nogh-
nees of K was 102 pm, The surfics mughness preseied
different irend for CulCly; sorfsce quality mercased for fest
lfemin cickang and then the swrfscs oughness sBghily in-
ercasod aredl bocame constanl. The walee of B win L73 gm
afier 15 min of cichmy period.

The serfscs rouglness decreased in B Bogmeny off
ces in FeCly spplication. Afler |5-mmn cichmy penid, e
urfae roughnoss value beeame stable. The surfics nogh-
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m Ak (b ol el of Rkterial Py Radsabapy M-J ) (084 2T-ITe
e 4 Cenclussan

4 The presenl shady imecsizgaled bwu widdy wod cichanis
(FeCly and Cully) for chemical cchmy of topper. The o~
perimental results can be conchaled as follow:

a. The chemical eich rate @ importanl Sxtor for my male-

i nal mackming. The highest chemical cich mile oblsina

. - me--E wilk wimg FeCly. The woold make ke mackming tme
ns we of proces bigher.

b Serfer numghncs moinother actor o be consideesd cipe-

cially in case of weigh! raductson of material. Celly pre-

E duced the smoothest worfacs yuabsy companng bo Pl

: . ::IHWIEHHIJ:'H- =4 e The dusalved copper smount wan comparad and it was
wbstaingy] that FeCly clched meee copper tham CuCly far
—a— T CprEd - B <CupE Clad the same clchanl visbame and cichmg period. This means
that the pridongeed ciching ime wouldbe longer e FoTly
Fig 1. Erey of oaliisms o dsrlicd risgphides, -L‘H:Hu.llﬂin‘-uqq:l:rl:l:iq
d (Chermmil reactans of copper wilh schocied dichant were
ensmined and CoCly is nouliad & simpler reaction thin
nces of B was |92 pm. The surkios souglmcs presenied Fell;. This conchision is effcctive parmeter fisr repen-
diffizent trend for Culhy; serfice quality mercased for frst crfiin process of ussd cickemi. This woulld make eopen-
| ikmmin cichamy and then the surfscs oughncas slyghily i craliin procoes casicr and more commomical.

erzascd and hecarer comstanl. The wale of £, was 0.7 @m

afier Xmin ol ciching period From surfsce quably point The experimenial shaly of chemical cchmg of coppe o-

ol vaew, CuCla cichonl produced o helior surface Enih than armmed] busic ciching parumeien. Mol siep o this study will

Felly. be imvesligimy other parsmcioes sch as e pH kel and
The uihier sclecied chemical ciching parancicr was the o it redooy putenbial off wsed cickomis, the milsenees of

snmnd of cichal copper weighl. 1 was soticed thal FeCly chermical sddistress o e main dchanl.

disnlved the highest smanmi of copper afier cdchmg perisd.

This weight was LS g {15/} The value of ciched copper

wemght was hiheed when ol was wsed for copper ciching. [T

The rewndt of ciched copper wenghts for bolk cichants was

shown in Fig. 4. [1] L6, Dl Fandamentadi of chardcsl Euchinayy, &menicas Mackar

I, Spcial Rapeer: Ta, 118 18} 11015,

[ W.T. Harris, Chasndcal bllling, Tnfand Unbeordey Pras, LK, 1904,

[H Cubl adkon, The Priscighes sned Fraciws of Ficdechonmicsd blakaig

ahd Framoocling Adsm Bilaelif; LK, i

[4 Fe Ueds, Camical maliseg sid ok chlend achas, Consi.

g, & | i I7]=I82

[H Bl Ve Densson, asndes] ealling, Sl . R (FR5ES, lis-108,

W, NIE

e Colel alkn 01 Cakir, Copper aching eoosimics, Phasocker., bladi.

Iman I (PR 0sof 525 Wl 4-T.

[T Caleir, Topper aching sith capric chlbonids el regesaraion of

ol ok i Pricealags of e 10 Imeramonl SeaEi

Doy o Adksamons In Machaid wd Waaidi e

paating 300 pAMVIE 300H, Cdiwic, Podsed IG5 g | 59ed

8] 0 Lok, e Precadss of e Thind esstaal Ceabre

Aol Mlasbowneg Techaclegy | 0T MY, Kal

Lo, Mubipia, Metodwrdoal micdneg of cofpad sd ooppar

alkryn o 200 R,

[ Bl Sasbasra, Cogpe aiching o fomic chlasids, Isd Erg. Chem.

31 159§ -2,

B4 #® ® T =3 N 10 RX ks, Fiactann sfacsing cocmmance of eve i ached witing,
E b i) Lok |7i4) Ind. Erg. Chrm. 31 {15089) IN0-200

=i D & - Cppric Chicesly 'Illi?|ahmmm¢hmum

13 MLE Ok, Tha exching &f primsd circain beande, Macas Rav. 24
Fi4 Tha amont of sichad copper misss vi. ouhing . e+




FAKULTAS TEKNIK

UNIVERSITAS MUHAMMADIYAH SURAKARTA

JURUSAN TEKNIK MESIN
JI. A. Yani Pabelan — Kartasura Tromol Pos |, Surakarta,57102
Telp. 62-271-717417 psw 222, fax 62-271-725084, e-mail: mesin@ums.ac.id

00, iy o ol Ml f baseskaly Prssing Taksekagy JEI-6] O5RH) 17527 e

[13] B Jabh, Comparis of copr achass, Faieg 51 (1EHj
=14

[14] WH. B, O Lawis, DUE. Sein, B sk, K of e
ot = e chlonide) Facled id G Sifaom of consis ishdars
Ind Eag Chom {Foaces D D S 3§18 148125

[13] L. Slisal, F.O. Rarpley, fecedy o achig of copper, Wee Fa-
ling &7 | Fhags, 47-55, L

[hH AF. Basracahan, L. Famar, L keass A Gssan H. blerch
Priceas ading of U mag e achad paacsas ofian, i
Pricaslags of the Fira Frised Tk Werld Coafaacs, wol 3
T,

[17] AF. Hopesscskaar L. Haass 11 betsn, A Mesrn, Prosoos-
el v boriplans duxh wimeRdeng o RLadnesd i
Pard ek dniul {ulvissecira 0 § 1§ Raa-RT].

[1§] AF. hopmeacean, | Bamar, L leoem A Masew, H. Sberch
Apdpie bmmorusdiibian fadaracs dra bl wid LRS-
el der de ieplecradad Galuadechsb @ 19T Fidé-
HET

|1 AE. Hepescalaar, L1 has B Moo, Vabesarey ded axe-
i dich opmendoreny da ook newote b eas ol -
e e (armden, Davandaindl TO ) HTE 1I-14L

|30] Ak Begemacebaaa, L1 o, W W, Eafish v sarbaodl- ed
Tt el b s i chie e vl hishadd |5 EEFeE s sk bichail
Ly il s Rl -atrkesarann, Monll, Cherflacha 1 18820
4adeun,

1217 B Marids, Buhing o g shasd, lnd. Fisiching 5§ ¢ 19 47—,

1337 Ok, Bkeck, B T, Sew markaad for sching copper, ld. Eng.
Chara. 5 1998) 12061240

125] Ml Ceearpiados, K. adiing, Assomope: obomscal sching of copper
il L Eleamciords] mmdes & aoalc Cellh abaoss, L e,
T |40 1 9EE) | =134,

134] b Ceagaades E. alire, Absotvape: ool aching of oapgsr
cal IL il al ahape abemesn, L ey Seac. 140
1 1583 1348135

135] O Cake, Maachamos maliseg &f s it gt dilards
i hanis, P, dhaas, Cmsfleld Unsvamairs, 1K, 1086,
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Micromachining by Electrochemical Nssolution 245
LITHOGRAPHY SUBSTRATE
Dasign'Exposare/ ConcuctonThakctnic!
Dievelopmert inzulaior
PROCERS PRECISION TOOL
Elsctialyle compasibon Hypdrodynamics
ferrgsiraturaipH Gampla aiza
vollagaCunren Sample orientation

# MASE TRANEFOST

® FURFACE FiLM PROFERTIES
® CURREMT DESTRIBUTICN

EMM PERFIRMARCE

Eurdace Fidigh
Lt T raily

Figure 2 Dependence of EMM performance on proceasing and tool
parameters.

raphy processing are critical to achieving desired perfor-
manece. Careful design of the walls and height of photoresist
masks provides opportunities fo alter current distribution
that reduces the photoresist undercutting. The conductivity
of the substrate material is also important in influencing the
current distribution of a dissolving thin film.

84 MATERIAL REMOVAL RATE

In an electrochemical dissolution process, the material re-
moval rate depends on the specific electrochemical behavior of
the metal /electrolyte system and is determined by the applied
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246 Datta

current density according to Faraday's Law [9]. The material
removal rate, r in cm/s, is given by

nFAp o

where [ is the current (4), M iz the molecular weight of the
dis=olved material (g/maole), = is the apparent dissolution va-
lence, F is the Faradav constant, A is the surface area (cm®),
and p is the density (g/cm®). The value of n can be determined
from weight loss measurements by use of Equation (6):

r

— (6)
AWF
where ¢ is the dissolution time (=) and AW is the anodic weight
loss (g

With proper considerations of high electrolvite flow ve-
locities and high cuwrrent efficiency for metal dissolution, ex-

Tahle 1 Metal Dhasolution Valence in Different Metal

Electrolyte Systams

Metal Electralyte Diggalution Valence
Mi MaCl 2

Fe MalCl Z2and 3
i NaNCy F.of

Fe NaNC, .ol

Mi NaClo, F.of

Fa NaClo, a*

Cr NacCl B

Cr NaNC, B

Cu EC] 1 and 2
Cu KNGO, 2and 1
Cu K504 2and 1
Ti MaCl 4

Ti MaBr 4

Mo KOH B

o Kt':':l: [

* Aovomypanied by oxygen evolotion.
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tremely high metal removal rates can be obtained. A knowl-
edge of the dependence of » on the applied voltage/current
density iz essential in determining the operating conditions.
The literature data on experimentally determined dissolution
valences for different metal—electrolvte svstems are summa-
rized in Table 1 [9].

In ECM, the distribution of the metal dissolution rate on
the workpiece determines its final shape in relation to the tool
[10]. The machining performance is, therefore, influenced =sig-
nificantly by the current density dependence of anodic reac-
tions. Passivating metal—electrolyte systems are known to
give better ECM precision because of their ability to form ox-
ide films and evolve oxvoen in the stray current region [10].
Similar results have been confirmed during electrolytic jet
EMM, where passivating electrolytes have been found to vield
minimized stray cutting [5].

8.5 MASS TRANSPORT EFFECTS

Magzs transport processes influence the EMM performance in
several ways. First, they influence the maximum rate of an
electrodissolution reaction, thus giving rise to a so-called lim-
iting current; second, mass transport-controlled anodic reac-
tions affect the morphology of dissolved surfaces; and finally,
mass transport processes influence the macroscopic and mi-
croscopic current distribution on the workpicce. An under-
standing of mass transport effects are, therefore, a prerequi-
site for the development of EMM processes. In the following,
a simple description of mass transport in electrochemical svs-
tems is presented with special reference to an anodic dissolu-
tion process.

During anodic dissolution, the concentration at the anode
surface can be significantly different from that of the bulk.
Since these concentrations are mainly determined by the rate
of mass transport, transport mechanisms and diffusion laver
thickness play an important role in high-rate anodic dissolu-
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tion processes. Metal ions produced at the anode are trans-
ported into the solution by convective diffusion and migration.
To maintain electroneutrality, electrolyvte anions accumulate
near the anode, causing the rate of convective diffusion awar
from the anode to be compensated by the rate of migration
toward the anode. The extent of ion build-up depends on the
current density, metal dissolution efficiency., and hvdrody-
namic conditions.

The Mernst diffusion layer concept has beon used fre-
quently to obtain a simplified description of mass transport
effects in high-rate anodic dissolution of metals [9.11]. A stag-
nant diffusion layer of thickness & is thus assumed to exist at
the anode as shown in Figure 3. Inside the diffusion laver, a
concentration gradient exists and the transport occurs exclu-
sively bv diffusion. Outzide the diffusion layer, transport oc-

o Anode surface

| ‘ /u
Diffusion | Conveciian "

Patamtial {v]

Curranl i)

Surface concantration
[
-

bulk slacirolyie

E_—
1

-
—_— — —_— —_— —_— —_—

Diglancs Tram the asgde

Figure3 Nernstdiffusion laver concept deseribing mase transport
at the dissolving anode surface. & typical anodic polarization curve
exhibiting a hmiting current 1= also mmeluded finset 1.
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1. Perhitungan material removal rate (MRR) secara teoritis

A. Variasi Arus Listrik

IM

MRR = wFAp mm / detik

Dimana:

I
M
A
p
n
F

t

= Arus listrik yang digunakan

= Massa rumus CuZn (64,46 gr/mol )

= Luas kolam/bath (150 mm)

= Massa jenis kuningan teori (0,00803 g/mm®)
= Elektron valensi (4)

= Tetapan faraday (96485 C)

= Waktu pencelupan (120 menit)

Variasi Arus 0,09 A

Material removal rate

IM
nFAp

MRR =

0,09x 64,46

MRR = 4 x 96485 x 150 x 0,00803

MRR = 0,0000124 mm/detik

Laju volume = Luas x MRR
150 x 0,0000124
0,000186 mm?/detik

Luas massa = Laju volume x p
= 0,000186 x 0,00803
= 0,0000150 g/detik

Massa yang hilang = Laju massa x waktu
= 0,0000150 x 7200
=0,108 g

Variasi arus 0,12 A
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- Material removal rate

IM
nFAp

MRR =

0,12x 64,46

MRR = 4 x 96485 x 150 x 0,00803

MRR = 0,0000166 mm/detik

- Laju volume =Luas x MRR
150 x 0,0000166
0,00249 mm?®/detik

- Luas massa = Laju volume x p
= 0,00249 x 0,00803
= 0,0000200 g/detik

- Massa yang hilang = Laju massa x waktu
= 0,0000200 x 7200

=0,144 ¢
c. Variasi arus 0,15 A
- Material removal rate
MRR = X
nFAp
0,15x 64,46
MRR =

4 x 96485 x 150 x 0,00803
MRR = 0,0000207 mm/detik

- Laju volume =Luas x MRR
150 x 0,0000207
= 0,00311 mm?®/detik
- Luas massa = Laju volume x p
=0,00311 x 0,00803
= 0,0000250 g/detik
- Massa yang hilang = Laju massa x waktu
= 0,0000250 x 7200
=0,1804¢

d. Variasi arus 0,3 A
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- Material removal rate

IM
nFAp

MRR =

0,3 x 64,46

MRR = 4 x 96485 x 150 x 0,00803

MRR = 0,0000415 mm/detik

- Laju volume =Luas x MRR
= 150 x 0,0000415
= 0,00623 mm?®/detik

- Luas massa = Laju volume x p
= 0,00623 x 0,00803
= 0,0000501 g/detik

- Massa yang hilang = Laju massa x waktu
= 0,0000501 x 7200

=0,360¢g
e. Variasi arus 0,35 A
- Material removal rate
MRR = X
nFAp
0,35 x 64,46
MRR =

4 x 96485 x 150 x 0,00803
MRR = 0,0000485 mm/detik

- Laju volume =Luas x MRR
= 150 x 0,0000485
= 0,00727 mm?®/detik

- Luas massa = Laju volume x p
= 0,00727 x 0,00803
= 0,0000584 g/detik

- Massa yang hilang = Laju massa x waktu
= 0,0000584 x 7200
=0,420¢g
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B. Variasi waktu pencelupan

MRR = - mm/ detik

Dimana :

I = Arus listrik yang digunakan( 0,3 A)

M = Massa rumus CuzZn (64,46 gr/mol )

A = Luas kolam/bath (150 mm)

p = Massa jenis kuningan teori (0,00803 g/mm®)
n = Elektron valensi (4)

F = Tetapan faraday (96485 C)

t = Waktu pencelupan (menit)

a. Variasi waktu 60 menit
- Material removal rate

IM
nFAp

MRR =

0,3 x 64,46

MRR = 4 x 96485 x 150 x 0,00803

MRR = 0,0000415 mm/detik

- Laju volume = Luas x MRR
= 150 x 0,0000415
= 0,00623 mm?/detik

- Luas massa = Laju volume x p
= 0,00623 x 0,00803
= 0,0000501 g/detik

- Massa yang hilang = Laju massa x waktu
= 0,0000501 x 3600
=0,180¢
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b. Variasi waktu 90 menit
- Material removal rate

IM
nFAp

MRR =

0,3 x 64,46

MRR = 4 x 96485 x 150 x 0,00803

MRR = 0,0000415 mm/detik

- Lajuvolume =Luas x MRR
150 x 0,0000415
= 0,00623 mm°/detik
- Luas massa = Laju volume x p
= 0,00623 x 0,00803
= 0,0000501 g/detik

- Massa yang hilang = Laju massa x waktu
= 0,0000501 x 540
=0,270 ¢

c. Variasi waktu 120 menit
- Material removal rate

MRR = X

nFAp

0,3 x 64,46

MRR = 4 x 96485 x 150 x 0,00803

MRR = 0,0000415 mm/detik

- Laju volume =Luas x MRR
150 x 0,0000415
= 0,00623 mm?®/detik
- Luas massa = Laju volume x p
= 0,00623 x 0,00803
= 0,0000501 g/detik

- Massa yang hilang = Laju massa x waktu
= 0,0000501 x 7200
=0,360 g
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d. Variasi waktu 150 menit
- Material removal rate

MRR = -2

nFAp

0,3 x 64,46

MRR = 4 x 96485 x 150 x 0,00803

MRR = 0,0000415 mm/detik

- Laju volume =Luas x MRR
150 x 0,0000415
= 0,00623 mm?®/detik

- Luas massa = Laju volume x p
= 0,00623 x 0,00803
= 0,0000501 g/detik

- Massa yang hilang = Laju massa x waktu
= 0,0000501 x 9000
=0,450 g

e. Variasi waktu 180 menit
- Material removal rate

MRR = -2

nFAp

0,3 x 64,46

MRR = 96485 x 150  0,00803

MRR = 0,0000415 mm/detik

- Laju volume =Luas x MRR
150 x 0,0000415
= 0,00623 mm?®/detik
- Luas massa = Laju volume x p
= 0,00623 x 0,00803
= 0,0000501 g/detik

- Massa yang hilang = Laju massa x waktu
= 0,0000501 x 10800
=0,541¢
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C. Variasi komposisi larutan

mol zat terlarut

Konsentrasi larutan =
volume pelarut

Dimana:
Mol zat terlarut = mol FeCls

Volume larutan = volume aquades

Mol Fe = 55,8
Mol Clj = 3(35,45)

a. Komposisi larutan 6,67 %

MOlFer = —_EEQL__
55,8+3(35,45)
MOl FeC|3 = 0’123 m0|
Konsentrasi larutan - 0123
0,28
Konsentrasi larutan = 0,44 mol/lt

b. Komposisi larutan 8,33 %

Mol FeCl, = 2397
55,8+3(35,45)
Mol FeCl; = 0,154 mol
Konsentrasi larutan = o1t
0,275
Konsentrasi larutan = 0,560 mol/lt
c. Komposisi larutan 10 %
30 gr

Mol FeCls = 558+3(3545)

Mol FeCl3 = 0,185
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Konsentrasi larutan — 0185
0,270
Konsentrasi larutan = 0,685 mol/lt

d. Komposisi larutan 11,67 %

Mol FeClz - 3597
55,8+3(35,45)
Mol FeCl; = 0,215
Konsentrasi larutan = 0215
0,265
Konsentrasi larutan = 0,814 mol/lt

e. Komposisi larutan 13,33%

Mol FeCl, = __3/97
55,8+3(35,45)
Mol FeC|3 = 0’215
Konsentrasi larutan — 0215
0,265

Konsentrasi larutan = 0,814 mol /It
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