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Appendix A
Calculation Methods

A.l Calculation of active areaand specific area of cathode
A. 11 Stainless steel cathode with spherical hole. It has the following dimension

Width {) 01 m

Length (L) 0.08 m

Thickness (t) 0.001 m

Length ofreactor (Lr) 0.09 m

Hole -Hole number{) 741 hole
- Diameter (f) 0.002 m

The active areaofcathode =[(2xIxL)+2x/xt+(2xL x 0]
“(2x N xf2xny+ {Trxfxex )

=[(2x 01 x0.08) + (2 x 01 x 0.001) + (2 x 0.08 x

0.001)] - 2x » x0.002 x 0.002 x 741)
+{nx 0.002 x 0.001 x 741)
= 163.6 x 104 m2
fLx )-=xP x )s{nxst xtx )

x LI x

(0,08 x 01) - (M x 0.002 x 0002 x 741) + (* x 0002 x 0.001 x 741)
0.08 x 0.09 x 01

The specific area

= 143 m'l

A.1.2 Zinc plate cathode. It has the following dimension
Width {) 01 M
Length (L) 0.082 m

The active areaofcathode = Ix L
=01 x 0.082
=82x 104 m2
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A. 13 Stainless cathode with square hole. It has the following dimension

Width {) 0.088
Length (2) 0.088
Thickness (0 0.001
Hole - Hole number{ ) 49

- Dimension of square hole (/) 0.008

m
m
m
hole
m

The active areaofcathode = [(2x 1 x L)+ @xsxt)+ @xLx f)] - 2x/ 2 )

(@ xfx tx )

= [(2 x 0.088 x 0.088) + (2 x 0.088 x 0.001) + (2
0,088 x 0.001)] - (2 x 0.008 x 0.008 x 49)
F(4X 0008+ 0001 x 49) = 1115x 100 m

A2 Clloudation of cLrrent cersity; reoovery percartace and cunrernt efficiency

Given Applied current (/) 0.16
Active area (A9 0.016
Initial metal weight { /) 0971
Metal weight at time t { ) 0.164
Number ofelectron ( ) 2
Faraday constant {F) 268
Molecular weight ofmetal {MA) 635
Electrolysis time (i) 6
Current density (/) i
0.16
0.0016

x 100

Recovery percentage {% R)

0971 - 0.164'
<9 x 100

Current efficiency (f) ) nl())(OFx )Iillw’ XX i(?{OE) x 100

A
m

g

g
equivalent/ mol

A-hlequivalent
g/mol
hr

10 Alnr

8311
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At 83.11 % recovery

Current efficiency - 21X0025'86§,50;<97&1X6 33%1 X

- XI00 =70.96 %

A3 Caloudation of s trarsfer cefficiert, KL

The mass transfer coefficient is calculated by atrial & error method as shown
in Chapter Ill. For example,

Given Electrolyte flow rate (( ) 3 Emin
Current density (J) 10 Alm?2
Number ofelectron ( ) 2 equivalent/ mol
Faraday constant (F) 96500 A-s [ equivalent
Specific area (ae) 143 ml
Molecular weight o f metal (Mw) 63.5 g/mol
Initial concentration (Co) 16.21 moEl

Electrolysis time (t)
and suppose . is 2.03 x 105m/s, then

C* = emees=- T -

203 x To-rx 2 x 96500 = 255 m°m
C - CH)x xF
j X Oe

(1621 - 255) x 2 x 96500 _ -
10 x 143 x 60 = 3073 min

Cexp + ClI

t*

. : c (j X a X t)
At t<tn 0 \ F

At t> t* = C* exp[-kL X C X(t - 1*)]



Att=0min: o 1,00 (10 1431 01 60)

10n 2 x 96500 16.21
G 1621 + 1621 1621
"\ - Gx = 1621 - 162112 = n
o) {52652
The example calculation is expressed below
: +
Time Cexp t h C, Lo/ 6 - GxpY

(min)  (moll)  (min) (mis)  (mol) (mott) 1 6" J
0 1621 3073 203x 105 1621 1621 0.00000
30 1481 3073  203x105 1488 1485 0.00002
60 1357 3073 203x 105 1355 1356 0.00000
90 1252 3073 203x 105 1221 1236 0.00060
120 1090 3073  203x 105 1088 1089 0.00000

180 8.60 307.3  203x 105 821 841 0.00217
240 6.19 3073  203x 105 554 587 0.01218
300 3.34 3073 203x 105 28 31l 0.02248

360 113 3073  203x 105 102 1.07 0.01049
420 0.34 3073 203x105 036 035 0.00255
Z =0.0549

\[Z(C‘ EC) -~ w05
022471

Changing the value of k| until the minimum s obtained.



Ad Galoudation of cirrersioniess rurer

A.4.1 Dimensionless group
Given
Width ()

Cross sectional area o freactor (Ar)
Diffusion coefficient (Da)

Electrolyte density (p
Electrolyte viscosity

Hydraulic diameter (dh)

Electrolyte velocity ( )

Reynolds number (Re)

Sherwood number (Sh)

Schmidt number (Sc)

Gap inter electrode (h)

)

(p)
Electrolyte flow rate (Q)
Mass transfer coefficient (ki)

0.052
01
8x 10°3

0.934
125 x 10

A

2x 01 x 0,052
0.052 + 0.1

0.934
1000 x 8x 10-3

p x dh x

v

10056 x 0.0684 x 0.117
9.29 x 10-4 x 60

kI x dh
[a

125 x 10-5 x 0.0684
589 x 10-°

o v Da
9.29 x 10-4
10056 x 5.89 x 10-4

235

m
m
m2

589 x 10D m2s
10056
029 % 101 kgl(m-s)

kg/m3

Emin
m/s

0.0684

0.117 m/min

144

1452

1568
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A.4.2 Dimensionless equation
The dimensionless equation can be expressed in terms of Sherwood number,
Reynolds number and Schmidt number.

Sh = a RebScc = aRebScm

When Scis 1568. If we plot between log (Sh/Sc13) and log Re, the slope is
and intercept is log a The following table presents the example calculation of
dimensionless equation.

0 " Re  sh LogRe)  Sh g gty)
(min) (mimin)  (mis) > o
093 0117 125x105 W4 18 216 18 211
156 0192 134x 105 237 155 238 137 214

194 0242 139x 105 299 1614 248 142 2.15

The plot between log (Sh/Sc13) versus log Re give the following data.

Slope = 0.145 b
Intercept : 1.795 log (a)
Then b = 0.145
a = 62
So Sh = 62 Re0145 Sc13
A5 Clloulation of cevelopsal ocH! error

This model error is determined by the difference of actual specific area and
those calculated from the developed model.

Given Current denstty (/) 10 Alm?2
Number of electron ( ) 2 equivalent/mol
Faraday constant (F) 96500 A-slequivalent

Actual specific area (ae) 143



Erom

s - CO_UXﬁLxU

The plot of(C, - Co) versus / gives

slope

j X a

237

X F

Example

Time c Ct-Co Slope = 0.0443

(min) (molim3 = ' 10

0 15.84 0

30 14.15 1.69 Then

60 12,68 3.15 ,_ X XSlope

j
90 11.14 4.69 2% 96500
= 4 % xBoass

120 9.97 5.87 15 60

180 7.30 8.54 e .

240 4.84 11.00

300 2.37 13.47
A6 Meterid tnlarmtﬂ\/\eencaﬂndcaﬂamdcoorrmmm
Given Applied current

Volume in cathodic (anodic) part (V) 0.5 I|ter

Number ofelectron ( )
Faraday constant (F)

Experimental pH (pHexp)

Electrolysis time (t)
Area ofmembrane (A)

1 equivalent/ mol
96500 A-s/ equivalent
1

0 min
0.0077 m
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A.6.1 Material balance in cathodic compartment
This balance was performed by proton balance attime t. The flux of proton is
the amount of proton that should be reacted with hydroxide ion in this compartment.

Mole of proton measured during experiment (it+exp) = V X [0y
i Xt

Mole of proton consumption (fH+consumed) X E
Mole ofproton difference in time interval (f+difing - ftH+consumed attl - ftH+consumedatt
Mole oftheory proton G stheory) - ftH+exp att~ ftH+difintat t+1
Mole of proton difference ( Hedij) fth +theory - ftH+exp
Time difference (tdiff) = u-t
Loss flux of proton (v n+) N

P tiff x *

The following table shows the example calculation of pH and loss flux of
proton in cathodic compartment.

Time PHEX  fiH+exp  ftH+consumed ftH+difint ftH+theory  fiH+diff  tdiff Nh+
(min) P (mol) (mol) — (mol)  (mol) (mol) (min) (molim)
0 1 0.05 0 0.05 0 0

60 123 00294 00373 00373 00127 -00167 60 -6.01 X104
120 167 00107 00746 00373 -0.0079 -0.0186 60 -6.66 X 104
150 225 00028 00933 00187 -0.0080 -0.0108 30 -7.73 X104
180 290 00006 01119 00187 -0.0158 -0.0165 30 -1.18 X103
195 321 308Xl04 01212 00093 -0.0087 -0.0090 15 -1.29X10°3
210 635 223 X107 01306 00093 -0.0090 -0.0090 15 -129X103

225 117 953 X10° 01399 0.0093 -0.0093 -0.0093 15 -1.34X1073
9 B3

-1.02 X103



239

A.6.2 Material balance in anodic compartment

The material balance was performed by proton balance at time t.  From this
balance, the flux of proton indicates the loss of proton from anodic compartment
which is corresponding to the amount of hydroxide ion coming from cathodic
compartmentto this compartment.

Mole of proton measured during experiment ( H+exp) - VX 10-pH~

Mole of proton production { H+produced) n‘; tF

Mole of proton difference in time interval ( +difint) = ftH+produced attl ~ ftH+producedatt

Mole oftheory proton { H+theory) - ftH+exp att A ftHedifintat t+l
Mole of proton difference { Hdiff - ftH+theory ~ ftH+exp
Time difference (i) = tl-t
Loss flux of proton (Nh+) f i
X /\

Time H'B@ fiH+exp  ftH+produced ftH+difint ftH+theory  ft-H+diff  tdiff Nh+

(min) (mol) (mol)  (mol)  (mol)  (mol) (min) (molim)
o 1 00 0 06 o o0

0 098 0024 0033 00373 00673 0039 60 125103
120 089 00644 0076 00373 00897 0022 60 906« 104
150 08 00740 00933 0018/ 00831 00001 N 64« 104
10 078 0080 01119 00187 00926 000% 0 691« 104
1% 077 00849 01212 00093 00923 00074 1 106« 138
210 074 00910 0106 00093 00942 00083 1B 467« 104
25 070 00098 0130 00003 0108 00006 1B 787« 105

0.73x 103
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AT Dervation ofpHevoluon mocklig
€. Derivation ofthe second model of chromium recovery
Given initial pH pHi
Current i
Electrolysis time t
Latent time t\
Precipitation time 7
Number ofelectron
Faraday constant F
Volume ofsolution /
Initial chromium concentration [Cr]i
Proton production in the system, [F t] |t| | v
I¢z0ne ey
From the basic equation: pH = -log [Ft]
The increasing ofpH in the system is calculated by
PHm = -log [initial proton - proton production in the system|
pHm = -log 10PH<

This equation is sufficient whent < t]. Ift = t], it indicates that the amount of proton
disappearance from the system equals to the amount ofinitial proton.

1= XF XV

\ 10-pi1 XF XV

2YUZre NTock

From Cr3t+ 30IT- e »  Cr(OH)3
Mole of chromium ion consumption = (") x mole OH
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Chromium consumption (mole/1) @)X—X—F—x—v
Chromium consumption (g/1) (f)x ) Mr
From experimental data
= & & 4,01 401 - [Cr]
Pexp -0.67 0.67
pHnZep (4.01 - [initial chromium - chromium consumption]) / 0.67
52 X i X (t -t
pHirdep 40L-[e] 0k 08T

This equation is not sufficient when chromium consumption by equation
equals to initial chromium concentration or t — i

/ 52 X 1% (12 - 1)
(Cr], = SV F XY

3x xFxV
h B i) X |

3rdzone model
This zone is corresponding to the increasing of pH by OH" which is produced
by water reduction reaction.

From pHm = -log [pT]
|0 10-14
J i X (t-t2
XF XV
pHIR = -og 104 ¥ (f -Xt\é

This equation is used to predict the pH evolution att > T2
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A8 Clcuiation of total aperating ocet
E)mﬂe: Data from Plant ll solution
Given Electricity cost 2 Baht/kW-hr
Total solution volume 05 liter
Cost of copper (1kgCu = ].%L@) QZQ Bahtkg Cu
Land fill cost 0.874 Bahtlkg
For copper recovery
- Current intensity (/) 0]1 A
- Voltage (V) 3 Vv
- Electrolysis time (t) ]2 hr
- Recovery weight (Rw) 0.% kg/m3
For chromium and nickel
- Current intensity (1) 1.0 A
- Voltage (V) ]55 Vv
- Electrolysis time (1) 3 hr

- Sludge weight of chromium and nickel ( )2647 kg/m3
Total electricity consumption =

Total electricity cost
Recovery cost (Rc)
Total land fill cost of sludge

Total operating cost

[(/ x EX theu + (i x Vx OfcrNi
[(0.11 x3x 12)+ (1.0+ 155x3)}/L000  KkW-hr
0.05046  kW-hr
(0.05046 1 1000)/0.5 kW-hr/m3
100.92 kW-hr/m3
Total electricity consumption x Electricity cost
100.92 1 2.863 = 288.93  Baht/m3
Requ = Rw x Cost
09291 5942 = 5520 Bahtim3
x Land fill cost
2647x0874 = 2313 Bahtim3

Electricity cost - Recovery cost + Total land fill cost

288.93-55.20 + 2.313
236.04 Baht/m3
543 s$/m3



Appendix B /AN
Analytical Meth odfs‘i’;i:gi_j.;ﬁ;~<
B Vel conoantration measurenent by Atomic Asorption Spectresooy (A4
[69, 70]

The technique of Atomic Absorption developed by Sir Alan Walsh of
C.SIR.O. in mid 1950" has become the preferred method of elemental analysis.
Walsh discovered that the majority of free atoms in the commonly used flames were
in the ground state. A light source emitting a narrow spectral line of the
characteristics energy is used to excite the free atoms formed in the flame. The
decrease in energy (absorption) is then measured. - The absorption is proportional to
the concentration of free atoms in the flame, given by Lambert - Beer law

Absorption log J ke.L.

where io intensity ofincident radiation emitted by the light source
it intensity oftransmitted radiation (amount not absorbed)
C concentration of sample (free atom)
k constant (can be determined experimentally)
L path length

BL1 Atomicasomion irstrunert

-Hollow cathode lamps: It is used as the radiation source to excite the free
atoms in the flame. The hollow cathode lamp produces a narow spectral line
characteristics ofthe material ofthe cathode and the fill gas (neon or argon).

-Flame atomization: The flame atomization consists of three major
components, a nebulizer, a spray chamber and a burner.

a. Nebulizer used in atomic absorption is the pneumatic type in which the flow
of gasses through the orifice creates a vacuum drawing the sample into the capillary.

b. Spray chamber acts as a classifier to remove large particles and supply a
constant feed offine particles to the burner.

C. Burners is a laminar flow premix burner with long path length.
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R12Tyeoffane

a. Air - acetylene flame: This is the most widely used flame in atomic
absorption spectroscopy. Four distinguishable flame are used

- Oxidizing flame (lean) - avery stiffflame with small inner blue cone

- Stoichiometric flame - a stiff flame with bigger blue cone and an  most
luminous appearance

- Luminous flame - a luminous flame with prominent blue cone.

- Reducing flame (rich) - luminous flame almost sooty at the tope.

b. Nitrous oxide-acetylene flame: This is a much hotter (approximately
2,900°C) and faster burning flame and should be used with a nitrous oxide - acetylene
burner. Fourtypes offlame are distinguished by

- Oxidizing flame (lean) - a very stiff flame in which the red feather is 1cm or
less

- Stoichiometric flame - a clear flame with evidence of slight yellow at the

junction ofthe read feather with is 1- 2 cm.

- Reducing flame (rich) - ayellow flame with the read featherjust visible.

- Very reducing flame - a flame that is extremely luminous with almost the

formation ofsoot.

B13 Anelytical proceclie

a. Calibration method: This method has no interferent effect. Usually at least
three standards and blank are used to cover the range 0.1 to 0.8 Abs. The calibration
is performed by using the blank solution to zero the instrument.

The standard is analysed with the lowest concentration first, and the blank run
between standards, to ensure the baseline (zero point) has not changed. Sample are
analysed and their absorbances are recorded.

b. Ultimate precision method: Two standard solutions are made by giving
absorption very similar to the sample, in the range of 0.4 to 0.6 Abs. (one slightly
below and one slightly above the sample absorbance). Zero is set using the low
standard and 1.000 g/1 concentration with the height standard. The difference between
the standard is small (say 0.10 Abs.), a very accurate reading can be made and a
precision 0f 0.1 % to 0.2 % is possible.

¢. Standard method addition: The method relies on the addition of a small
known amount of standard to an aliquot of sample.




B14 Aralytical chia of thedlenerts
Copper

Reagentsfor standardpreparation
Aqueous: -Copper metal foil or wire (99.99%)
Non aqueous: - Copper 4-cyclohexylbutyrate
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Preparation 01,000 mg/lstandard: Dissolve 1.0000 g of copperin 50 mlof6N nitric

acid and dilute to 1litre
Atomic absorbance
Lamp current; - 3.0 mA

Flame type: - Air-acetylene (oxidizing)

Optimum condition

Wave length Slitwidth Working range
(hm) o) (g
324.7 05 1-5
3214 05 25-10
217.9 0.2 7.5-30
222.6 10 45-180
249.2 05 180-730
244.2 10 400- 1,700
Interferences

Few interferences have been reported for copper

Flame emission
Wave length: -327.4 nm
Slit width: - 0.2 nm
Flame type: - Nitrous oxide - acetylene

Sensitivity

(g
0,025
0.050
0.16
10
40
90
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Chamium
Reagentsfor standardspreparation

Agueous: -Chromium metal foil or wire (99.99%)
Non aqueous: - Tris (1-phenyl-1,3-butanediono) chromium (iii)

Preparation 01,000 mg/I standard: Dissolve 1.0000 g of chromium metal in 50 ml of
cone hydrochloric acid and dilute to 1litre

Atomic absorbance
Lamp current; - 6.0 mA

Flame type: - Air-acetylene (highly reducing)

Optimum condition

Wave length Slit width Working range Sensitivity
(nm) (hm) (mgl) (gl
3579 0.2 2-15 0.05
359.3 0.2 4-20 0.09
360.5 0.2 5-30 0.10
4254 0.2 7-40 0.17
4289 0.2 15-60 0.35
Interferences

Iron, cobalt, nickel, barium, aluminium and sodium cause interference with
chromium ahsorbance. This effect are removed by the use ofnitrous oxide - acetylene
flame.

Flame emission
Wave length: -425.4 nm
Slitwidth: - 0.2 nm
Flame type: - Nitrous oxide-acetylene



Nae

Reagentsfor standardpreparation
Aqueous: -Nickel metal foil or wire (99.99%)
Non aqueous: - Nickel 4 - cyclohexylbutyrate
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Preparation 0 f1.000 mg/l standard: Dissolve 1.0000 g of nickel metal in 50 ml of 6N

nitric acid and dilute to 1 litre
Atomic absorbance
Lamp current; - 4.0 mA

Flame type: - Air-acetylene (oxidizing)

Optimum condition

Wave length Slit width Working range
(nm) (nm) (mg/l
232.0 0.2 1.3-8
3415 0.2 6-25
352.4 0.5 6-28
3515 0.5 20-80
Interferences

Sensitivity

(mg/l)
0.04
0.12
0.14
0.4

Two lines of wave length at 3415 nm and 352.4 nm are preferred for routine
analysis over the 232.0 nm line due to excessive curvature caused by an unresolved

non-resonance line at 232.14 nm.

Flame emission
Wave length: -341.5 nm
Slit width: - 0.2 nm
Flame type: - Nitrous oxide - acetylene
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A

Reagentsfor standardpreparation
Aqueous: -Zinc metal foil or wire (99.99%)
Non aqueous: - Zinc 4-cyclohexylbutyrate

Preparation of1,000 mg/l standard: Dissolve 1.0000 g of zinc metal in 40 ml of 5N
hydrochloric acid and dilute to 1 litre

Atomic absorbance
Lamp current: - 5.0 mA

Flame type: - Air-acetylene (oxidizing)

Optimum condition

Wave length Slitwidth Working range Sensitivity
(nm) (m) (mgl) (gl
213.9 05 0.4-15 0.008
307.6 05 3,000 - 12,000 66
Interferences

Non - atomic absorption should be corrected at 213.9 by use of a continum
lamp.

Flame emission
Wave length: -213.9 nm
Slitwidth: - 0.2 nm
Flame type: - Nitrous oxide-acetylene
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B2 Ganck testing “Prussan Be Test” [71]

Sample
e.g. KCN

+ NaOH
A 4
Strong basic solution

+FeSO, 2 cm®
Y
K4|Fe(CN)g]
+ HCI
A 4

Light acid solution

l + FeCls

KFe[Fe(CN)g]
(Deep blue sludge and
light blue solution)

Reactions
6KCN + 2NaOH + FeS04 -—)  Na2S04+ 2KOH + K4[Fe(CN)q]

K4[Fe(CN)6] + FeCI3 - ) KFe[Fe(CN)g] + 3KCL

The positive test shows the deep blue sludge and light solution of KFe[Fe(CN)g].



3.3 Chronate testing 7
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Sample 6 drops

c.g. HzCI‘207
+ Diluted H,SO4
+ Boil 1 minutes
+ Centrifuge

v
Centrifugat
+ Amyl alcohol 0.5 cm®
+ H;0; 3 - 4 drops
+ Shake
CrOs

(Blue colour in amyl
alcohol layer)

Reaction
HCIA7 +4HN2 oo )

2Cr05+ 5HA

The positive test shows the blue colour of Cr05in amyl alcohol layer and this
colour is not stable. It is oxidized with air to green colour of chromic acid and

releases oxygen.



Appendix C

Discharged Waste Water Standard
FOR Industry in Thailand

Physical and chemical property

pH

Permanganate value

Dissolved solids

Sulphide (as H2S)

Cyanide (as HCN)

Heavy metal
Zinc
Chromium
Arsenic
Copper
Mercury
Cadmium
Barium
Selenium
Lead
Nickel
Manganese

Tar

Qil & Grease

Formaldehyde

Phenols & Cresols

Insecticide & Radioactive material
BOD

Temperature

Limited value
5-9

<60 mgl
<2,000 mglt
<1l mgl
<02 mgl
<5 mg/l
<0.5 mgll
<0.25 mglt
<1 mgl
<0.05 mglL
<0.03 mgh
<1 mgl
<0.02 mgl
<02 mgl
<02 mgl
<5 myl
No

<5  mgl
<15  mg/l (For refinery industry)
<1 mgl
<1l mgl
No

<20 mgh
<40 °c



Appendix D

Toxicity Sources From Electroplating Process [73]

Category  Substance Source Treatment
process
Qil Fat Specimen Fat separation
preparation
Solid Sand and polishing material ~ Surface polishing Precipitation
Acid Sulphuric acid, Chemical polishing  Neutralization

Hydrochloric acid, Nitric
acid, Citric acid,

Phosphoric acid
Base Sodium hydroxide, Sodium - Fat cleaning, Neutralization
carbonate, Sodium silicate  Neutralization
process
Cyanide  Cyanide compound Electro - cleaning or ~ Chlorine
plating bath oxidation
Heavy Copper, Nickel, Iron, Plating bath and Basic treatment
metal ions ~ Cadmium, Zins, preparation
Aluminium, Manganese
Chromic ~ Chromic acid Plating solutionand  Reduction and
acid chromate process precipitation
Complex ~ Complex ions of copper Plating solution Neutralization

jons and nickel and precipitation



Appendix E

General Propertiesof Metals

The property of copper, chromium, nickel and zinc is presented by following

data. [61, 74]

1 Coper

Copper (symbol Cu, atomic weight 63.546, atomic number 29, cubic structure)
is reddish orange metal. The origin name is cyprium (Latin word). The number of
proton per electron is 29 and number of neutron is 35. Ithas a density of 8.96 g/cm3at
293 K, a hoiling point of 2,840.15 K and a melting point of 1,356.15 K, relatively high
thermal (94 m/ohm.mm2) and electrical conductivities (59.3 m/ohm.mm2), a specific
heat of 0.39 J/g °C. It is used in electrical conductor, jewelry, coin, plumbing. The
next table shows several states, oxidation number, metal form, colour, and
crystallization system of copper,

State Oxidation
number

Solid 0
10.5
11

+2
13
+4
Liguid  +1
+2

+3

Metal form

Cu

(%0
CU20
CU20 hydr

Cuo
CU203
Cu02

Cut
Cu+
HCu0 2
Cudt
Cu02

Colour and Crystallization system

Copper, red, cubic

Sub - oxide, green

Copper oxide, red, cubic
Oxide of copper hydrate

or hydroxide Cu(OH)2, yellow
Copper oxide, black, cubic
Sesquioxide, red

Peroxide, bluish-hlack

Copper, light blue
Dicuprite ion, blue
Copper ("l) jon

Cuprate ion, read or blue



2 Chromum
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Chromium (symbol Cr, atomic weight 51.9961, atomic number 24, cubic

structure) is gray metal discovered in 1797 by Louis Vauquelin. The origin name is
chroma (Greek word). The number of proton per electron is 24 and number of
neutron is 28. It has density of 7.19 g/cm3at 293 K, hoiling point 0f 2,945.15 K and a
melting point of 2,130.15 K, relatively low thermal (16 m/ohm.mm2) and electrical
conductivities (6.7 m/ohm.mm2), specific heat of 0.46 J/g °C. It is used as stainless
steel. The next table shows several states, oxidation number, metal form, colour, and
crystallization system of chromium.

State

Solid

Liquid

Oxidation
number

0

+2
+2
+2.67
+3
+3.6
+4
+6
+8
+10

+2
+3

+6

Metal form

Cr

Cr0

CrO hydr
Cri4
Cr20 3hydr
CrsOg
Cr02 hydr
Cr03
C4
CrOs

Cra+

Cr3t
Cr(OH)+
Cr(OH)2+
Cr0?
Crox
H2Cr04
HCr04'
Crod?
Crd 2

Colour and Crystallization system

Chromium, white, cubic

Black, hexagonal

Yellow

Oxide of chromo - chromic, brown
Green, hexagonal

Violet, orthorhombic

Brown

Deep red, orthorhombic

Tetroxide of chromium

Pentoxide of chromium, blue

Chromium ion, bluish - green
Chromic ion, green

Chromyl ion, green or violet
Chromyl ion

Chromite ion, green

Chromite ion, green

Chromic acid, reddish - orange
Acid chromate ion, orange
Chromate ion, yellow
Dichromate ion, orange
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3 Noe

Nickel (symbol Ni, atomic weight 58.71, atomic number 28, cubic structure) is
a lustrous, silvery-white metal discovered in 1751 by Alex Cronstedt. The origin
name is kupfernickel (German word). The number of proton per electron is 28 and
number of neutron is 31. It has density of 8.9 g/cm3at 293 K, boiling point of
3,005.15 K and a melting point of 1,726.15 K, relatively low thermal (22
m/ohm.mm2) and electrical conductivities (14.7 m/ohm.mm2), specific heat of 0.45 J/g
°C. Ithas high resistance to corrosion and oxidation, excellent strength and toughness
at elevated temperatures, and is capable of being magnetized. It is attractive and very
durable as a pure metal, and alloys readily with many other metals. It is used in
electroplating metal alloys, nickel-cadmium batteries. The next table shows several
states, oxidation number, metal form, colour, and crystallization system of nickel.

State  Oxidation Metal form  Colour- and Crystallization system
number
Solid 0 Ni Nickel, white, Cubic
+2 NiO hydr Oxide of nickel hydrate or hydroxide
Ni(OH)2 green
+2.67 Ni3) 4 hydr — Oxide of nickelo - nickelic bihydrate
Ni30 42H20
+3 Ni203 hydr  Oxide of nickel monohydrate Ni20 3H20,
black
+4 Ni02 hydr Peroxide of nickel bihydrate Ni022H20,
black
Liquid ~ +2 N i2+ Nickel ion, green
NiOH+ ?
NiO2 Binickelite ion
Ni0Z Nickelite ion
Ni3 Nickelic ion
NiQ42 Nickelate ion
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4 Arc

Zinc (symbol Zn, atomic weight 65.37, atomic number 30, hexagonal
structure) is bluish metal discovered in 1746 by Andreas Marggraf. The origin name
is zin (German word). The number of proton per electron is 30 and number of
neutron is 35. It has density of 7.133 g/cm3at 293 K, hoiling point of 1,180.15 K and
a melting point of 692.73 K, relatively low thermal (27 m/ohm.mm2) and electrical
conductivities (16.9 m/ohm.mm2), specific heat of 0.39 J/g °C. It is used as metal
coating, rust protection, brass, bronze and nickel. The next table shows several states,
oxidation number, metal form, colour, and crystallization system of zinc.

State  Oxidation  Metal form Colour and Crystallization system
number
Solid 0 Zn Zinc, white, hexagonal
+2 ZnQ hydr White, orthorhombic
+3 Zn203 hydr Zinc hydrate sesquioxide, Zn203.H2)
+3.33 Zn305 hydr 7
+4 Zn02 Zinc peroxide
Zn02 hydr Zinc hydrate peroxide Zn02H20
Liquid ~ +2 Zn2+ Zinc ion
ZnOH+ Zincyle ion
Hzn02 Dizincate ion

n02 Zincate ion
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