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Special Project Title Removal of Copper ﬁO—I‘Enl Industrial Wastewater by A
Rotary Electrochemical Reactor

Name Mr.Jagkree Powpan
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Department Chemistry

Academic Year 1999

Abstract

Treatment of industrial wastewater by electrochemical method were studied .
Wastewater from cleaning copper and brass, a part of air condition, were studied by the
two methods, electrochemical cell and rotary electrochemical reactor. The average copper
concentration in wastewater which used in those method were 11,115 and 11,413 ppm
respectively, The condition in the electrochemical cell were set as the following; pH 2,
volume of wastewater 0.5 liter, current density 43.33 Ampere per dm’ , and constant
current 13 Ampere . The other method conditions were set as pH 2, volume of wastewater
6.0 liter, current density 0.12 Ampere per dm’ and steady current 19 Ampere. After direct
current (DC ) passed through wastewater 60 and 120 minutes in electrochemical cell and
reactor respectively. The energy efficiency were 36.53 and 28.88 % , the mass of copper
that were treat are 427.07 and 316.26 mg per hour — Ampere in electrochemical cell and

reactor respectively.
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H,0 (1) = 1/20,(g) + 2H'(aq) + 2¢ E' = +123 V (2-2)

aaa 4 a AN
dgnseneranevundinIna

Cu'(aq) + 2¢ = Cu(s) E = 4034 V (2-3)
2H,0() +2 —— H,(g) +20H E' = -083V (2-4)
2H + 2¢ H, (g) E' = 000V (2-5)

1 ~ 1 < aaa ~ a dgl Y
NnaumIan q faanuuiulfisenernzfaiuldudainmsnaaeany
[ iy ¥4 aaa
Jufaufaeendunielus  uazTangnewmanumenvun Inamseaziivljnsonves

)
FADND

Cu2+(aq) + H,0() = Cu(s) + 1120,(g) + 2H+(aq) (2-6)
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cu’ + 2¢ Cu (s) (2-10)
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f1 pH BuAUVIIAY 2 nazidioAugamsnaasuify 1.5

aszua TR dY 19 wewls

q v ~
naml¥lumsnaass 120 A
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v A
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d’ v R o @ 31 a Y A a S = 3 A
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AHq Y a
AN 1F IuN1INAaee 120 W
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a1 (W)

s lanedaned

afaii 1 A5IN 2
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aseua I nlvimsy 13 wewnu3

~ Y =
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4 Y a o a o @ 4 a o
m319d . 7 TufionalSinalane dingdreszoznm lumsihdadienselfnsalnd Inih

HyUnYu

a1 (W) Ysa lanedanegd (Ady )
Asei 1 REE

0 49 49

5 48.7 48.5
15 48 47.9
30 46.5 46.7
60 43.8 44.1
90 40.3 40.4
120 36.6 37.7

v ] k4
f11 pH (SUAUIMIAY 2 uazillo@ugansnaaouiny 1.5

aszua Wi R lF Ay 19

na g lunsnaasy 120
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USuaTanz Iasifoy Ao

S 4 s 4
39N 1 ATIN 2

0 0.5 0.5
5 124.4 © 1243
15 403.4 323.2
30 768.8 681.8
60 1487 1408.8
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d' v K a ~ 1 o w Y A a d A
MINNN. 9 UuﬂﬂNﬂﬂJ@ﬁﬂﬁlﬂmIa‘ﬂZTﬂi!ilf]llﬂ653Elznﬂﬂuﬂ15ﬂ1‘ﬂﬂﬂ'lﬂ!ﬂi?N‘ljaﬂ‘iﬂllﬂll

Tlhwunnau

na1 () (USnaTantlasidey @)
adedt 1 Ased 2
0 14.024 10.91
15 19.86 6.24
60 68.24 69.72
120 107.26 141.1

' ] E4
A1 pH IFuAUIMIAL 2 taziilodugamsnanoumy 1.5

aszua Iihnlvmdy 13 uewinls

Aq Y ~
nanl¥lunmsnaase 60 Wi
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I
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69,120  Haansu
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69.120 ASY

[ ] Y
Aundanududuves levonvsinswmuiioduganisnanss 9,810 AMD
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" 6 ans " 6x9810  fiagansy
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Tavigninneauas (Copper)

Usginanuiluan

d| £ A 1A ~ Y < a P o o
nosuaudunilslulansiinuniganuyuddan  wozerndlulanzyidausnfiuyudih

w191 se Toad ﬁuﬁygmr‘T‘u:hss’fuﬁuﬁmmmaumagj‘luu?nmnuw1ammﬁ1§1 Tigis iag
Euphrates T&Tin1snumesiasIu@uuny Mesopotamia taz881d e 4000 Jnounsanma fou
Msifnvees1aedeIdfioglugas 3200 TreunSadnia 1nefin1511 Copper Carbonate 1114
904 (Pigment) 91751%U YU iauﬁam?mﬁemﬁn 171 Copper 1191ANH1A1AH I Cuprum
wammgﬂwuﬁgﬂugﬂﬁasz uaglugdensdsenouves Fa'lWd  (Sulfide) oonlad
(Oxide)  WAYAMSUBILA (Carbonate) 'ﬁuuffﬁugmmammumﬁ@ 111154

(Chalcopyrite),CuFeS, 110 lasgt (Chalcocite),Cu,S wazuos lug (Bornite),Cu,FeS,

AaaNtAMUnd

@ 4

nesnaiusgmaundl Tdydnual cu Tavezmen 20 Tiimiinosmoy 63.546
Tumsmignewnsezegseniengiinfa (V) uazdaned @n) aglunqusgnaudsu uoad
nils wazfisgedlunduidoai Funngulane Coinage AD51ARU LAY NOY 1
Electronic Configuration Y04N8ILLAIRAD [ 1522522p63sz]3d104s] 130 [Argon]3dm4sl BiannTeuy
Tu 45 Mldnewnslaui@imuniiniousig Tnunai@oy B) il Electronic Configuration iy
[Argonl4s' etelsAmumesunsiipnssiionady nuneidon neswnsiinn Tonization Potential
dduinilagend InuaeiSouuniian lonization Potential ddufiaowazamudini Tnunadoy

awnAneuasez liilgisen luazatelu Nonoxidizing Acid 19y nsa'lalas
ARD3N (HCI) AOxidation Potential voe1/ATe1Re —0.34 V i 25 ssruaifva newnsazatsly
Oxidizing Acid 11 n3aluain (HNO) wnSeludaiazawsu InlegSs (Thiourea),
~C(NH), Iémsasmefiadiosie cu' looou faaums

Cu + 38=C(NH,) + HCl—> Cu[S=C(NH,),J,Cl + 1/2H,
oo szfntuidlefufaeandion (0,) uazawhazaey wen Tuiily (NH,) deaums

Cu + 4NH, + 1/20, +H,0 —> [Cu(NH,)]"" + 20H
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loopuvoinoIasinulos § 2 yife Cu' uag Cu”
. a3 a vy [P=P=t
cu" 'loeou # Electronic Configuration W [Argon]3d” Undudaeglufidmsnz
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D

adg Y I+ . ] . a a Jd A a P=t (Y
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a

unusies asilszneuves cu'” UszaeuldieTuananselesou 2 nieunndl 2 S1uInvesd
LLﬂuﬁ/ (Coordination Number) TIUNINILNINY 4 Coordination Number 2 4ag 3 ‘W'U‘f!lﬂtl ﬁumzﬁ
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cu” lovouiididansonlu dshell lufin v ldmadadeouves cu™ I8 uazuaasautld

a g

1 g A adg Ay oY wa 1 <] dyo 9 Y 2+ 2
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v vy
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aAa A 1 a d
TangnowasiiFuamsoruyuas Jannudumaelnih 015328 Teuriaedimes-nsu
{ a a ° $ X e 1 4
#1 20 eernwaea Tannuilwih (Specific Electrical Conductivity) 60.0 AR lauH N
a a a I a o v ~
TNUDUNUAT UATANULYUY (Brinell Hardness, HB) 35X103 HUIAUADAITNLUAT A

MoeuINA7 (Melting Point) 1083 B3R uTatud UgaRoa (Boiling Point) 2595 BIAUSRITY A1

~

nuuvesTavgnewasusqNs 8.9592 niudegnUIRRiTUALAS #1 20 BIAUALTYA

3
=

feduslse@ntn15¥e1e@a (Coefficient of Linear Expansion) 1.65X10° doespuwaiboa A 20
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perupalta A1nnusouiunIzyewoauds (Specific Heat of the Solid) 0.092 AR ARNTY 7
20 oeranIFon A1nuous unIZYesveuNal (Specific Heat of the Liquid) 0.112 LAA8IAD
n¥u 7 20 ssruwadoa Arnudeudumzluaasle (Specific Heat of the Vapor State) 0.08
uARBIRENY i 20 eeruvAIT Y

nounslusssumaillo Ty Tny (sotope) 2 wilanauiude “Cu uaz “cu 1o Ty Tndud

v o

dnfuane lelwindnfimunia 60, 61, 62, 64, 66 waz 67 lolaInyd “cu Wu'leTalny

C% @
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pamatamanildih

@ ad . a od
ﬁﬂeT"lvl%maﬂTmﬂmmj;m (Standard  Electrode Potentials) UBINITUATITHTN

Uraulwanasluaisiean ol
a Y o adg :
M191494N A.1 LL’dﬂQ‘U’t)ya?fﬂEﬂﬂﬂ’lmﬁﬂiﬂiﬂmvﬁﬂlu (Standard Electrode Potentials) U84

NDIUAY

Henction iy
Cu(NIL)* + 26 = Cu 4 4N1I, —0.06
Cutt 4 ¢ = (et 0,167
CuCl~ 4 ¢ = Cu 4- 201~ 0. 10
Cu*? 4 % == Cu 0.3448
Cu* ¢ = Cu 0.522
Cu*t 4- 21~ 4 ¢ = Cul,;~ 0.690
Cut oo I7 ¢ = Cul .877

msimeanassnlyilssTewd

Qs Yy <] 1 e @ dy
Hagiinldfinsi Taveno wasu il udUHTUYBT619 NINNBAII

1. aenREIg (Architecture)

Y
© o5z ueH1 (Gutter)  3J94MA9A1 (Roofing) ﬂamﬂ (Screening) 91gLiNI (Grillwork)

A (Screen Cloth) m?ﬂiym’l (Medallion)

2. FIVUIAARY (Atomotive)

Y 1 ]
9 J - @ a
nd01l1500UA (Radiator)  AUINTDITNT (Gasket)  1ATDIATNDWTYS (Reflector)

UAUYDAATOINIUSIT (Rodiator Core)
3. Qﬂﬂiﬂimﬂﬂﬁ1 (Electrical)

o 4 4 [ o
a10111 1971 (Condutive-Wire Contact)  wot$195 (Motor) a5 Tamstin Indh

(Conductor) 1aBABIANATOU (Electron Tube) H1ATOULLAIADS (Battery Cap) Unonuasdayan

(Flashlight Shell)
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4. Hardware

17AN3NB4AS (Soldering Copper)  gnaBY (Ball Floate) My langdmiunenda
(Rivet) #thilauinn (Clock Dial) Al (Pump Line) 1% (Chain) iwSesilodumds (Fire
Extinguishers) @7 (Screw) Qﬂﬂiiﬁ’mﬁ’lzta (Marine Hardware) ﬂ1Englﬂﬁ‘1J§ﬂ (Line Clamp)
N (Lock) UIUNY  (Hinge) qﬂnsafﬁ‘l%vﬁamiasshm (Plumbing  Accessory)

Q
v

a v W (24
ﬁu‘U\‘]ﬂ‘lJﬂ']iul‘Hﬁ‘U’OQ"U@QLﬂﬂ')‘H?@LLﬂﬁ (Valve Stem)
5. @AEIHNIIN (Industrial)

fuanitaouna1udon (Heat Exchanger)  In30452IMY (Evaporator)  109ATYATY
v v
(Pulp and Paper Piping) UN9A (Tank) 7o UALYo 101 (Steam and Water Piping) aa e

¥ - 5 o
anudou (Heater) N3097AT9d (Radiator) ¥109andUIAULIYDT (Condenser Tube)
6. MIVUAY (Transportation)
@ 1 I~ :’ e
4N ADEUHIUU (Oil Cooler)
2
7. gunsainlilumssy (Mnuitions)

NYARAQANITEYY (Firing-Pin Support Shell) ﬁﬁ'uqﬂﬂszqu (Bullet Jacket)

YaonaewuIn (Fuse Cap) tivgaszidaliifasznielv (Primer)
8. 1n309d1014 (Cosmetice)
nasslaadann (Lipstick Case) aguuile (Compact)

9. éW] (Other)

1954210 Tua (Anode) g1n5alvBsULIUMIMAUAT (Chemical Process
Equipment) ﬁwgum‘?mﬁuﬁ (Printing Roll) @101n30e3a (Gauge Line) imﬁuf‘r’m%mgwm
(Base for Gold Plate) Lﬂémﬂizﬁumum (Ornamesstal Trim) Lﬂémﬂizﬁqﬁj(Costume Jewelry)

unantilaingnsoInsviend (dial)
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MITIHIHNID (Mass Transport)

(DR : = 3 adg P
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(Electrochemical System) #1413 anadu 14 3 3 Juyy

1. MUNT (Diffusion)
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3. N3N (Convection)
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