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1- Introduction to Paint Chemistry and Principles of Paint Technology,
G. P. A. Turner

2- Paint and surface coatings, Theory and Practice
R. Lambourne and T. A. Strivens

Inroduction 1o
Paint Chemistry

Theory and practice
Second edition
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Some cave paintings drawn with red or yellow ochre (clay

+ ferric oxide), hematite, manganese oxide,
and charcoal may have been made as long as 40,000

years ago.

4%

A charcoal and ochre cave painting &
of Megaloceros from Lascaux, France



The oldest known figurative painting 2~
\s a depiction of a bull that was
discovered in the Lubang Jerij Saleh
cave In \ndonesia. \t was painted

40 000 years ago or earlier.



Paint definition

-Paint is any pigmented liquid, that, after application to a substrate in a
thin layer, converts to a solid film.

-Paint is more than just the color though; it is a material that is applied
as a liquid and dries by a variety of chemical processes to a solid.

-It is most commonly used to protect, color, or provide texture to

objects.
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Resin —the binder to hold the pigment particles together and provide adhesion
to the surface painted.

Pigment —to provide color, hiding and control gloss.

Solvent —to act as a carrier for the pigments and resin — the solvent may be
organic (water).

Additives — to enhance certain properties such as ease of brushing, wear

resistance, drying and sag resistance.



Resin: polymer groups



Basic Carbon Structures:

Carbon

Family Name

Alkane

Alkene

Alkyne

Functional Group

B W P
| | Et:an';|
H H
\C :C/ H>:<H
7 A

Simple Example

Ethene

H-G=C-H
Ethyne

Name Ending

-ane

-ene

-yne



Surn forrmnla Struchiral Forernida Half struetural formula

H
|

CH4 H—?—H CH4
H
H H
I |

C.H, H—(lj—lilj—E[ H,C—CH,
H H
H H H
| | |

C;H, H=-C—C—C-—H H, G —CH, —CH,
| | |
H H H
H H H H
I | | |

CAHII] HE-C-2—-C-C-H %C!—CEZQ—CH'Q—CH3
| | | |
o H H H

methane ITI
H—-C—H
CH;, Ill
H H
ethane ||
H-C—-C—H
ol b
o
ropane
FC):Hp =G5
e H H H
H HH H
butane I 1
cHo T T T
e H HH H




Mo, of C Mame of Bolecular | Name of Formula
atams alkane el alkyl graiig

1 Methane | CH; Methyl -CH,
2 Ethans C.H, Ethyd -CyHe
E) Propane | CyH, Propyl -CyHy
q Butane CHyy Butyl -CeHy
g Pentane CsHys Pentyl -CeHyy
I Hexane CeHys Hexyl -CgHaz
7 Heptane | CiHy; Heptyl -LaHag
8 Cctane CaHya Qe «CgHy7
o Monane CaHsg Monyl “CaHig
10 Decane | oM, Direryl "Gtz




CH;

H 3{:\/]\ 2-methy 1butane
CHj;
H;C CH;y
3-methy1Pentane

H5C ” 2,3-dimethylhexane

CHj;



' ALKENES |

H
H I H
e’ H-c-c=¢”
“H

ethene propene



CeHip

cyclohexene
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Alkynes structural formula

Name Open siructure Condensed structure
Ethyne H-C=C-H GREH
i
H-C=C-C-H
Propyne I CHae CHy
H
%
Butyne | H-C=C-C-C-H
. CH=C—CH,—CH;
H H
xR T
Pentyne H—CEC—F— C—Cl—H
H Il_I H [:‘HEC_CHz_CIH:_CIHB
o SR
Lok L
Hexyne H-C=C-(=C-C—c—H| cp=c-ch,-cH,~CH- CH




chloro alkanes group

where
R = H, CH3, CEH5, etc



For the single chlorination of methane or ethane, only
one isomer is possible:

Cl,
CH, e CH,CI
heat or light
methane chloromethane
Cl,
CH;CH;, o CH;CH,CI
heat or light

ethane chloroethane



heat or light

1-chloro-2-methylpentane 3-chloro-2-methylpentane
Cl
)4/\ Cl

2-chloro-2-methylpentane 1-chloro-4-methylpentane

A

2-chloro-4-methylpentane



Alcohol group
Alcohols

/O\ * Alcohols:
R H — hydrocarbon derivatives in which one or more of
the H atoms has been replaced by a hydroxyl
group (alcohol functional group)

F. - o)

Hydroxyl groups



OH OH OH
| | |
CH3-CH-CHj CH3-CH-CH-CH3  CH3-CHz-CH-CH3-CH;3

propan-2-ol butan-2-ol pentan-3-ol



{;J.IH
H—f.li—H
H

methanol

{le
H,C— [IZ— H

H
a primary alcohol

& sclencesd. co uk/chemisiny

C-OH

Primary

(;)H EllH
ch_?_EHg HE‘»E_(IZ_GHB
H CH,4

a secondary alcohol

C-C-C
OH

Secondary

a tertiary alcohol



1° Alcohol R— — i
R H
Aldehyde
(@)
| [O] I
2° Alcohol R—(|: N e
R’ R R
Ketone
O—H
| [O]
3° Alcohol R—C—R" No Reaction



aldehyde

Formaldehyde

Acetaldehyde

Propionaldehyde

Butyraldehyde



formaldzhyde
imethanal)

CHy,
C=0

)

K

acetaldehyde
{ethacal)

CH3CHy
=0

¥

H

propionaldelyde
(propana)

tutyrald=hyde
{sutanali



acetore
(propatnote)

kenzaldebyde

acetophenone



aldehydes ketones

O
H _lCl p—H ﬁ
Formaldehyde CH;—C—CH;
acetone
O 0
CH—C !
s C H CH;—C
acetaldehyde
acetophenone

I
CH;—CH,—C—H

0
|l

(O

benzaldehyde



]
CH—C—CHCH,

Ethyl methyl ketone



Ketone

R)J\R'

LI—ir—1L
T
Hln“._u.ln.u_lH
=
-
L
x
D=
Ir—i 33—
H.lJ...lH
= T
=
(8]
- =
= _
3
=
ad
e =0
HlJ...lH
x

J-rethylpentanone

b anaane

propanone



Common Ketones

O @) O

M J o, e I o
H,C™ ~CH, H.C ? ’ ’
propanone 2-butanone 3-pentanone
(acetone) (ethyl methyl ketone) (diethyl ketone)

o H3C; ;O 7

acetophenone benzophenone

5cyc|ohexanone (methyl phenyl ketone) (diphenyl ketone)



aldehydes ketones

O
H _lCl p—H ﬁ
Formaldehyde CH;—C—CH;
acetone
O 0
CH—C !
s C H CH;—C
acetaldehyde
acetophenone

I
CH;—CH,—C—H

0
|l

(O

benzaldehyde



acetore
(propatnote)

kenzaldebyde

acetophenone



alkane primary alcaohal aldehyde acid

H oH 0 0
| 1o |, o] | II

R—C—H — R—C—H ——= R—C—H —= R—C—0H

H H
no bonds to 0 one bond o 0 two bonds to O three bonds to 0
al kane secondary alcohol ketone

H OH ]
| [0 Y I

R—C—R —= p—C—R ——= R—C—FR {nofurther oxidation)

H H
no bonds to 0 one bond to O twio bonds to O
al kane tertiary alcohal
H oH

| 0] |

R—C—R —= R—C—R" ({usually no further oxidation)

I
R R
no bonds to 0 one bond fo 0

21997 Encyclopaedia Britannica, Inc.



Carboxylic acid

example for carboxylic acid

a

L
e
0T O
formic acid
methanois acid

i
C
7N
R OH
Q
ﬁ H ﬁ i r|:
; Cam "™
-l T e
7 Ha HC. 2CH
acelic acid butyric acid H
ethanoic acid butanoic acid Berzoic acid



CARBOXYLIC|
ACIDS |

H H H
0 o)
0 E L
H—c? H—c—cf H—C—C—C:
\ | O-H | -
O-H H H H o-H
methanoic acid ethanoic acid propanoic acid
H H H H HHH
11,0 Lo L0
H—C—C~-C—C_ H—-c—c—Cc—-Cc—C
11 o-H I 1 I No-H
H H H H HHH

butanoic acid pentanoic acid



4 3 2 1 -
CH,—CH — CH,— COOH CH,COOH
| Ethanoic acid
CH,
3-methylbutanoic acid

4 1

H—CH= CH,—COOH
|

4-chloro-2-pentenoic acid

5
4 3 2 1 -
CH,—CH=CH—COOH  CH3
But-2-enoic acid

Yy — ).



O O
I SEIN |
H—C—H H—C—OH
Formaldehyde Formic acid
O O
I = |
CH—C—H CH,—C—OH

Acetaldehyde Acetic acid



example for carboxylic acid

q
E
Sl ™

formic acid
methanois acid

o
|

C
HC™ OH

acealic acid
aihanoic acid

==}

H;
-
Hacf . E,a-" et o
Hz
bubyric acid
butanoic acid

H

i
H
B c
H% *?ff SoH
HchcécH
H
Benzoic acid



o]

o o 0
\)\ on o \A & \')\ il
oH o

Propionic acid Aerylic acld Lactic acid Pyruvic acid
o o v} OH
oH OH OH OH
\/Y HO' HO HO
o o o o
Butyric acid Succinic acid Fumaric acid Malic acid

a CHy oH CH CH O
aH HO 0H HO
Q o o OH o CH OH

Itaconic acid Citric acid Glueonic acid



alcohol H-0H methanal CHaOH
hydroxyl
M
carboxylic acid F"':nm propanoic acid
C-Hrbl'_'l:l:}'l '::H ].EH}E':"::'H
i
aldehyde = « glhanal
2 CHiCHO
aldehyda
o butanone
kaions R-C-R’ CHaCOCHzCHa

ketone




Acid chloride

Acid chlorides

ethanoyl chloride
(acetyl chloride)
MW 78.50, mp —112°C, bp 51°C

propanoyl chloride
(propionyl chloride)
MW 92.53, mp —94°C, bp 80°C

butanoy! chloride
(n-butyl chloride)
MW 106.55, mp —89°C.
bp 102°C

benzoyl chloride
MW 140.57, mp 0°C. bp 197°C

/O
Cl

CH;—C

0
V4
H —
CH3CH, C\

Cl

0
CH3CH2CH2-—-C</

Ci



Acid anhydride

[
O O

0
/
cHy- & ff,:]
ke CH3-C,
e 0
¥
CH3-C
CH3-C iy
W 0
0

ethanoic anhydride



Esters

C
R~ OR

Esterification

An alcohol reacts with a carboxylic acid in the

presence of a catalyst (conc. H,SO,) to give an ester.

Carboxylic
Acid

A

Alcohol
H H
[ +
H—C—C—O0
1\
H H iH
Condensationl
Ester o ?
2
H H C{-C—H
L Ly2) ]
H—C—C—0 H
| | Ester Link
H H

Hydrolysis




Naming Esters
Form: {alechol) (ackd-anaala)

Crop o, Change fom “aeis ackd”
teplace wvh o e
Example:
L5 HE H
&
|| 2 | “H
H ':l" ':ll' ﬂ"‘v | methylpropancate
—L—H
VR o
l,_-- o
i " H .-'I

carboxylic acid

alcohaol



H i-ll 0 H
|| % |
C—C—0O—H + ;U C—
Hon H—0 g
Ethamnl Aceir acid

Fl-500,
catalvar

H
S

i “‘c—r:l;—H
& H

Eihyl acetaie

+ H.O



example for esters

9
CH3CH2-C”
0O_CH»-CHgy

ethyl propanoate

P
CH3CH2CH2—C'<
0O—-CHz

methyl butanoate

0
-
H-C/

“0_CHy-CH3-CH3

propyl methanoate

',;;,,0
CH3C
"0—_CH3-CHa-CHg

propyl ethanoate



/Cl
CH:-]-C'K —_—

X
O—-H HO-CHz-CHj3

!

Ethanol withen backwards so
that you can see the relatonship
better

0
.
CHa—CK

R
0O—CH»-CHg

ethyl ethanoate



Ethers



Ethers examples

CH.CH, — O —CHCH, CH,—O—CH.CH,
conumon name: dethyl 2ther methyl ettiyl ether
(ethy] ether or “ether™) ot ethyl methyl ether

[T nares: cthoxryothanc mathor e thans



Amines

H—Nl.—H H—'nli—cH3 H—.IT]—CH;, H3C—fTI.—CH3
H H CHs CHs

ammonia a primary amine a secondary amine  a tertiary amine



Amine examples

H2 ..
H3$-~é/§\éa~’NH2
Hz  H2
a 1° amine

IUPAC name | 1-aminobutane
CA name butanamine

Common name | h-butylamine

1?H3
HaC —C—hH>
3 2|
CHz

a 1° amine
2-amino-2-methylpropane
2-methyl-2-propanamine
tert-butylamine



Amides

0:
Eo.._Rork
.o or
HorR™ N7
\
RorH
0 0
S o _CHp L
2 2
cHy NH, CcHY  cHy ey T,

acetamide hexanamide



Amides Types

Primary Amide

Secondary Amide

Fig 3

L
00\

/L“/ R1

R N

R2

Tertiary Amide



Amides Types

In organic chemistry, an amide, also known as an organic amide or a carboxamide

o =
I -
| P

Primary Amide Secondary Amide Tertiary Amide




Amides are pervasive in nature and technology. Proteins and important plastics like Nylons,
Aramid, Twaron, and Kevlar are polymers whose units are connected by amide groups
(polyamides); these linkages are easily formed, confer structural rigidity, and resist hydrolysis.
Amides include many other important biological compounds, as well as many drugs like
paracetamol, penicillin and LSD. Low molecular weight amides, such as dimethylformamide,

are common solvents.



Thiol (Mercaptan)
is any organo-sulfur compound of the form R-SH, SH

where R represents an alkyl or other
organic substituent.

3-Methylbutanethiol

CH,

R—S |

2-Methylpropane-2-thiol




Sulfide

R1\ S R2 H3C/S\CH3

S Di Methyl sulfide



Alkane Nomenclature
Names of Common Substituent Groups

Functional Group

Name

-F

-Cl

-Br

-1

-NO,

-OH

-CH,4
-CH,CH,
-CH,CH,CHj,
-CH,CH,CH,CHj,4
-NH,

-N=0O

fluoro
chloro
bromo
iodo
nitro
hydroxyl (alcohol)
methyl
ethyl
propyl
butyl
amine
amide



rr e
—C-C— —C=C— —C=C—
H H
alkane alkene alkyne
1 e 4
—C— —C— —C—
| | |
alkyl halide amine alcohol
{(X=F, Cl, Br, I}
i PN i
—C-H —C— —C-O0H —C—0-—
aldehyde ketone carboxylic ester

acid

"
c=C
£
H=C,
c—C
£ i
H H
phenyl
| |
—C—0—C—
| |
ether
| I
t|:— —C—NH,
amide
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0 o
""K/\)LH HO\)\)LH

4-hydroxybutanal 4-hydroxy-3-methylbutanal

(@) HOWOH
)K/\OH 0
4-hydroxy-2-butanone 1,5-dihydroxy-3-pentanone
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and



Epoxide

An epoxide is a cyclic ether with a three-atomring.

alkene

O =

cyclohexene

N i
L= S—

epoxide

/0\

c—C
epoxide

N
&

7
N



and



chemical structure of benzene




CHeCHY

-..._-_“:“""-

F -H'\J L bhenzene

AN P
\/I,.. n /(_\J‘L..J),j ln.l\
- _ /
ale.s H L)t

), lat

* 2 Cr

Benzene

Toluene

CHg

Methyl benzene









00O C

benzene phenol toluene aniline



Aromatic compounds

HYDROCARBONS
CH; CH; CH,
CH,;
CH;
toluene
o- m-

CH,

CH;,
R-

2V

xylene



- qijlme. -
























a-Pinene B-Pinene d-Limonene I-Limonene

5o 6 &



Shdd PO YT

isoprena u-pinena [-pinene At-carene d-limonene campheane myrcene

SR BTG Bole

[-phellandrene sabinene  «-terpinene  ocimene c-thujene terpinolene  y-terpinene




—ECH\Z C C/CH;Z]: H CHZEI—
H3C/ \H

cis-1,4-polyisoprene trans-1,4-polyisoprene

3
.
|
|

WY T
B -'*,.&Liﬁi‘:“g;r't'#mu;;f

——— - P —




Number of isoprene units Number of carbon atoms

Monoterpenes
Sesquiterpenes
Diterpenes
Sesterterpenes
Triterpenes
Tetraterpenes
Polyterpenes

2 Cio
3 Cis
R Cao
5 Cas
6 Cso
8 Cao
>8 >Cy0

isoprene unit

P

isoprene

X






PAIINT

PIGhIAENT VARINISH
| | | | ! | 1
COLOURED EXTENDER FILM-FORMER LIQUID ADDITIVES
PIGMENT Polymer (or Thickener
reactive Flow agent
components) Matting agent
Plasrticiser Caralysfk
Accelerator
Inhibitor
Werlting agent
Dyestuffs
I L

SOLVENT  DILUENT
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Addition polymers

For example, ethylene, CH,=CH,, is a simple molecule. If ethylene gas is
highly compressed (20 000 p.s.i.), heated to 200 °C and allowed to come into
contact with a carefully controlled trace of oxygen, the following occurs:

(1) Oxygen attacks a double bond, opening it. Temporarily a free radical
has been created

0, + CH,=CH, —> (|:Hz--—c':H2 (or R—CH,")

7
0.
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Condensation polymers form more slowly than addition polymers, often requiring heat, and they
are generally lower in molecular weight.

Examples of Condensation Polymers
Polyester

P O . /rol-\‘
WKQAL repeat
0
Q J/ Dacron

0 (o)

0 repeating unit
Polyamide o
H H heat /\/\)L
O2e ™o+ HiN S NH2 —o" |Ho=C r?,/\/\/\/NHz
L -H2
adipic acid hexamethylene diamine H
' ' repeat
0 l;| 0] lTl
Ne Ne
ll\l r‘q:’ Nylon 66
0| - 0| -

repeating unit












Co-polymer types




2N

:,','n !/l.













e

—

"'Tﬁé}moplastics_ vs. _T_hefmose&iiigplastics

Thermoplastics
1. Soften on heating
Long chain linear

By addition polymerisation

Can be reshaped and reused +

Soft weak and less brittle
o.  Soluble in org. solvents
Reclaimed for wastes

0.

Thermosetting polymers
Do not soften on heating
3-D structure

By condensation
polymerisation

Can not be reshaped

Hard and strong

Insoluble in org. solvents.
Can not be reclaimed




THERMOPLASTICS THERMOSETS

(Can be melted (Once shaped,

repeatedly) cannot be melted)



Uncrasslinked
polymer chains




Branched Polymer




Linear Chain Branched Chain

y; At Equal MW

7’

M g il P

Volume Linear > Volume Branched

Molecular Density Linear << Molecular Density Branched

Intrinsic Viscosity Linear > Intrinsic Viscosity Branched



Supersaturated liquid

:
S
2
g .
o [
w1 [
< i :
Crystalline State E i
| i
Temperature 18 T¢







Log

(G(t)

10 -
o
8
y =
5 =
5 -
& »
3

Toa®

Glassy region
Rouse process

Pseudo-tubbery state

/

Terminal relaxation

/ (entangled chain)

- 10

o8

1 L L] Ll b
-4\ -2 6 +2 Log(t)

Unentangled chain

i T




Modulus

Glassy State Highly cross-linked
/ entangled

o — — e —

—_—
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The glass—liquid  transition, or glass transition, is the gradual

and reversible transition in amorphous materials (or in amorphous regions

within semicrystalline materials) from a hard and relatively brittle "glassy" state into

a viscous or rubbery state as the temperature is increased.



Factors Affecting Tg

Chemical Structure

*Molecular Weight — In straight chain polymers, increase in MW leads to increase in Tg
*Molecular Structure - Insertion of bulky, inflexible side group increases Tg of material due to
decrease in mobility.

*Chemical cross-linking - Increase in cross-linking decreases mobility leads to increase in Tg
*Polar groups - Presence of polar groups increases intermolecular forces; inter chain
attraction and cohesion leading to decrease in free volume resulting in increase in Tg.

Addition of Plasticizers
Addition of plasticizer decrease in Tg of a polymer

Co-polymer and blend
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Pigment properties

Any surface coating pigment may be asked to carry out some (or perhaps,
all) of the following tasks:

(1) To provide colour.

(2) To obliterate previous colours.

(3) To improve the strength of the paint film.

(4) To improve the adhesion of the paint film.

(5) To improve the durability and weathering properties.
(6) To increase the protection against corrosion.

(7) To reduce gloss.

(8) To modify flow and application properties.



Inorganic pigments examples
Iron Oxide: Yellow
Chromium Oxide: Green
Manganese Violet:

Titanium Dioxide: White
Carbon: Black

Calcium Carbonate: White



To choose a pigment to carry out a given selection of these eight functions,
we must know about the following properties of the pigment

(i) Tintingstrength (vi) Particlesize

(i1) Lightfastness (vii) Particle shape

(iii) Bleeding characteristics (viil) Specific gravity
(iv) Hiding power (ix) Chemical reactivity

(v) Refractive index (x) Thermal stability
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» The finer pigment, the higher the tinting strength.

« Particle size is intimately related to hiding power
in pigments.



Bleeding is a kind of paint defect. Bleeding refers to the diffusion or seeping

of a soluble dye from the substrate through the top coat color.
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Increasing wavelength

0.0001 nm 0.01 nm 10nm 1000 nm 0.01 cm 1 cm 1 m 100 m
| 1 ] 1 1 |
Gamma rays Yerays Ultra- Infrared Radio waves
violet
Radar TV FM AM
Visible light
400 nm 500 nam 600 nm 700 nm
Blue type Green type Red type Infrared type
1 a0 446 164 \ a00 \ arg a4z G20 T200(nm; Ti{mm)
Ultraviolet light Red [l Infrared light
Invizible Iight-—r Yigihle light T,

Invisihle light



d
azo group nitro group
~
—CH=N-— SLe=U
azomethine group carbonyl group
I _C=S§
O
azoxy group thio group
~ ~
—N=0 LC=C_
nitroso group ethenyl group

They are usually found attached to aromatic rings, such as benzene, or one
of the more complex ring structures, such as

$50]

anthracene



Coloured molecules have their colour intensified or modified by certain
other groups, known as auxochromes:

R H
—N_ —N_ —~NH, —OH  —OCH,
R R
tertiaryamino  secondary primary hydroxyl methoxy
group amino group aminogroup  group group
—I —Br —Cl

iodo bromo chloro groups



Thus the dye alizarin (red) contains two benzene rings, two carbonyl groups
(chromophores) and two hydroxyl groups (auxochromes):

g
OH
oo™
C
Il
O

alizarin



Property

Preference

Reasons

(1) Brilliance and clarity
ofhue

(2) White and black paints

(3) Non-bleeding

(4) Lightfastness

(5) Heatstability

(6) Anti-corrosive action

Organic

Inorganic

Inorganic

Inorganic

Inorganic

Inorganic

The most attractive, cleanest colours
can only be obtained with organic
pigments.

The purest white pigment is titanium
dioxide and the most jet black,
carbon (usually considered
inorganic). There are no organic
blacks and whites.

Inorganic compounds have
negligible solubilities in organic
solvents. Some organics are very
insoluble.

The valency bonds in inorganic
compounds are generally more
stable to ultra-violet light than
those in organic compounds.

Very few organic compounds are
stable at or above 300 °C. Some
decompose or melt at much lower
temperatures.

All anti-corrosive pigments are
inorganic.
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Chemical types

The following liquids are commonly used in paints to carry the pigment and
binder:

(i) Water
(ii) Aliphatic hydrocarbon mixtures: chiefly paraffins
(iii)) Terpenes
(iv) Aromatic hydrocarbons
(v) Alcohols
(vi) Esters
(vii) Ketones
(viii) Ethersand ether-alcohols
(ix) Nitroparaffins
(x) Chloroparaffins
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(i) WATER is the main ingredient of the continuous phase of most emulsion
paints (Chapter 11). It is also used alone, or blended with alcohols or ether-
alcohols, to dissolve water-soluble resins (e.g in water-reducible paints) or
dyestuffs (e.g. in water stains).
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ﬂﬂﬂf}@. ﬂpﬂrﬂfﬂ The Electrostatic

¥ Paint Sprayer?




normal spray gun uncharged paint droplets

I ]

electrostatic spray gun ]

N ]

charged paint droplets




In paints solvents are majorly used to dissolve or disperse
various components used in the formulation.

After the paint is applied on the surface, the solvent
evaporates, allowing the resin and pigment to produce a film of
paint and to dry quickly. Adding solvents in a paint formulation
helps to optimize the whole performance of the system.




Solvent properties
The most important properties of a liquid for paints are:

(a) Solvency, i.e. whether it is a solvent or non-solvent for a given film-
former. This depends on the film-former and is not an independent
property of the liquid.

(b) Viscosity or consistency.

(c) Boiling point and evaporation rate.

(d) Flash point.
(e) Chemical nature.

(f) Toxicity and smell.
(g) Cost.
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. Weakly H-bonded liquids (hydrocarbons, chloro- and nitro-paraffins).
. Moderately H-bonded liquids (ketones, esters, ethers and ether-

alcohols).
Strongly H-bonded liquids (alcohols and water).
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SOLVENT

* The main purpose of
solvent is to adjust the
viscosity of paint film. It
can also control flow and
application properties and
affect the stability of the
Faint white in liquid state .
t main function is as the
carrier for non volatile
components.

~—>Paint &
Solvents

« Water is main solvent for
water based paints.
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Water-based formulations: Emulsions

« Emulsion formulations were developed for environmental reasons and
for the delivery of very high molecular weight binders.

— Water is the continuous phase, which results in a very low viscosity
coating.

— Thixotropic agents are required to raise the zero-shear viscosity of
the formulation.
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T Solvent Evaporating
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The flash point is
the lowest temperature at which enough vapour is given off to form a mixture of air and vapour

immediately above the liquid, which can be ignited by a spark or flame under specified conditions.

)

c
E

Solvent Flash Point

* Flash point = Temperature at
which vapors can be ignited

* Low flash point means high
flammability

* Flammable solvents have
a flash point < 100°F

* Nonflammable solvents
(flash point > 100°F) still burn

96 98 100 102 104 105

30 30 37 38 39 40 41 4

9
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Some liquids, e.g. benzene, have a cumulative poisonous effect and others
can be harmful above certain concentrations in the air. The smell of a liquid
may be enough to preventits use for some purposes. Smell is largely a matter
of customer's opinion, but toxicity information is obtainable from the

sources




Solvent Use Concerns

» Largest hazardous waste stream — mixture of
waste gun cleaning solvent and waste paint

» Worker health and safety and environment
o Toxic — toluene, xylene
« Flammable

« Smog forming Volatile Organic Compounds
» Recordkeeping requirements
» Solvent cost
» Solvent loss from evaporation increases product cost




(g) Cost

Hydrocarbons (particularly aliphatic) are the cheapest solvents; some
esters, less common ketones and nitroparaffins are the most expensive.



Solvating
Power /
Ability to

Solvating EvaporationSolubility in
Power / Rate/ Water Flammability
Polarity  Volatility (20°C)

Tox/eco-
form tox Profile
hydrogen

bonds
Aliphatic-Hexane ‘ -0 ‘ *-0 t*t*‘ * ‘ Yes

Spirit of Turpentine

Berpsniolds) ‘ e 4 T * Usually YES ‘ Usually f
Aromatic Fractions (Flash
| Point <60°C) ‘ * * - * Yes ‘Usually e
Aromatic Fractions (Flash
Point >60°C) * ® | % | W | w jave
Toluene - * L2 % & 1 * Yes *
Xylene * * L 8.8 8 4 * Yes i
Ethylene - ' | T |
Glycol MonoButyl | Ak ‘ e ’ e || ‘ No yoe
Ether (EGBE) x ‘ ‘
General Esters *h& AN No/SI.ightIy

miscible



PAINT

[ = l
PIGMENT VARNISH
| I | | l |
COLOURED EXTENDER FILM-FORMER LIQUID ADDITIVES
PIGMENT Polymer (or Thickener
reactive Flow agent
components) Matting agent
Plasriciser Caralysft
Accelerator

Inhibitor
Werting agent
Dyestuffs

|
SOLVENT

DILUENT

L



Additives are the special components of paint. It is used in small quantities to impart

additional characteristics and qualities to the paint.

Use of additives in the right order, at the right time, and in the right proportion in
a paint can help improve the appearance, durability of coating and flow of paints.
Additives break bubbles which are formed in the paint when the paint is mixed for
application.

The purpose of using additives is also to improve the production and storing

properties.



Paint additives

1. Additives affecting viscosity

2. Additives affecting surface and interfacial tensions (Surfactants)
3. Additives affecting gloss

4. Additives affecting chemical reaction

5. Additives affecting living micro-organisms

6. Improve pigment or polymer stability
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THIXOTROPY

1 Examples of thixotropic samples are ketchup,
consumer paints, yoghurts, mayonnaise.
Thixotropic samples break their structure under
shear rate and rebuilds the structure at rest. The
rebuild 1s occurring under a material specitic
time scale. The rebuild speed 1s highest at rest
and slow at low shear rates.
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Additives affecting viscosity

Thixotropic paint

Thixotropic behavior:

® This behavior depends on shear duration, which induces a temporary decreasein
viscosity

VISCOSITY (v.a.)

100 +

90 +

80+

70+

60 T

50T

THIXOTROPIC

307
207
10

0 ¢ + » + + -
102 10t ;| 10¢ 102 10° 10¢
SHEAR RATE (S-1)



Paint in can Apply paint
n—)> \ | i
Low shear 7 /V High sheal o
rate ’ / \ rate —
Appears Becomes
“thick” thinner,
shear

thinning.

Paint on wall

—>

Low shear
rate

—>

Termed

\
v
2N

thixotropic: it takes
time to become
thick again / rebuild
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THIXOTROPIC PAINT. Paint that is free-flowing and easy to manipulate
while being brushed or sprayed but that sets to a. gel within a short time
when it is allowed to remain at rest. Because of these qualities,
a. thixotropic paint is less likely to drip from a brush than other types

and can be spray-applied in.

4 3




Commercial product Recommended use Product information'

Color: white

Acrylic-based paint Varnish for steel Solids content: 42+2%
Application method: Air spray, brush, roller

Color: green

. . N Solids content: 49+2%

Alkyd-based paint Primer for steel plates
Application method: airless spray, air spray, brush,
roller
Color: brown

Chlorinated rubber-based paint  Primer for steel plates  §o/ids content: 46%
Application method: airless spray, air spray, brush
Color: grey

Epoxy-based paint Primer for steel plates  go/ids content: 65+2%

Application method: airless spray, air spray, brush

Color: grey

Vinyl-based paint Primer for steel plates  §o/ids content: 4242%

Application method: airless spray, air spray, brush

TAll the paints have one component except the epoxy-based resin which consists of two components: the base

and the curing agent, in a proportion of 4:1 in volume.



Additives affecting surface and interfacial tensions (Surfactants)

If pigment surfaces have poor attraction for binder molecules,
surfactants can assist dispersion. When two liquids will not mix,
surfactants will stabilize droplets of one liquid in the other.
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UNTREATED PLASTIC TREATED PLASTIC
SUBSTRATE SUBSTRATE
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Additives affecting gloss

A surface thatis sufﬁciently smooth will be glossy. To reduce gloss we
must roughen the surface and break up its smooth outline.
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Additives affecting chemical reaction

These are the items described as ‘activators’, 'accelerators (or 'catalysts’), 'driers’, 'inhibitors’

(or 'retarder solutions').

two categories:
(1) Those that initiate the drying reaction (e.g. ‘activators’)

(2) Those that affect the rare of drying (the rest).

An activator may be one portion of a two pack paint, one reactant of the
resin-formingingredients: Peroxides

Driers and accelerators are true catalystsin the chemical sense, since they can speed up
the chemical reaction responsible for drying.

An inhibitor slows down the chemical reaction, usually by reacting with free radicals, thus
preventing them from initiating addition polymerization.



Additives affecting Iiving micro-organisms

Paints are susceptible to deterioration brought about by micro-
organisms.

These include particularly bacteria and fungi.

Many 'additives' are in fact pigments, including the traditional

copper compounds, cuprous oxide and cuprous thiocyanate.
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Anti-fouling paint, or bottom paint, prevents barnacles and other

marine organisms from adhering to the hulls of ships.



Improve pigment or polymer stability

UV stabilizers

Chalking

Chalking is the progressive powdering of the paint film on the painted surface. The primary
reason for the problem is polymer degradation of the paint matrix due to exposure of UV
radiation in sunshine and condensation from dew. The degree of chalking varies as epoxies
react quickly while acrylics and polyurethanes can remain unchanged for long periods



Moisture scavengers
Are included to inhibit reaction between paint ingredients-e.g. isocyanates

or zinc or aluminium pigment-and water, which may have entered the

paint during manufacture.
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Figulre 1. Good penetration Figure 2. Unproper penetration (bad adhesion)

A: The substrate
B: Coating Film
C: Area not wetted by coating
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Evaporation

+ The solvent or thinner is dispersed into the air leaving the solid
constituents to form a dry paint film.

« Coatings that dry by this method can be reactivated by the addition of
solvent, returning them to a liquid. These are known as reversible
coatings.

COATING FILM SHRINKS BY DRIED
EVAPORATION COATING
OF SOLVENTS

Water based paints or latex paints and acrylic colours dry when the
water in them evaporates.



Drying of paint by crosslinking

a
Blank:
02 can diffuse towards the
S\ cross nker sensor and quenches
poivlmer the luminescence
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Most air drying enamels and oil paints used in painting dry by the
reaction of the resin in the paint with oxygen.
Once the reaction starts, it causes a polymerisation and the result will be

a hard paint film.
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Two-component paints consist of a base paint and a hardener. These two components
must be mixed vigorously in the correct ratio and then applied quickly.




Two-component paints (also referred to as 2K paints) are paints in which a chemical reaction
results in paint hardening. Hardeners for two-component paints are usually polyisocyanates that
combine with the base paint to form very durable coatings.

The solid content in two-component paints can be very high (so-called high solid paints).

Two-component paints are characterized by a very high level of corrosion resistance.
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Paints can be classified by their curing mechanism. This includes:
*Chemically curing paints — Chemical curing paints represent where the main resin (polymer) is created
through chemical reactions (poly reactions) between various compounds, in this type of cure includes both

drying and hardening process. Examples: Polyurethane, epoxy, phenolic resins and polysiloxanes.

*Physical curing paints — Physically curing paint occurs when the main resin is already formed, therefore,
to cure the paint requires evaporation of the solvent is required. Examples: Nitrocellulose lacquers, acrylic

lacquers, chlorinated rubber paints and vinyl paints



Type of Paint
1.0il-based paint - dry to the touch in 6—8 hours and ready to recoat in 24 hours.

2.Latex paint - dry to the touch in about 1 hour, and you can safely recoat in 4 hours.
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Primer

Primer is a preparatory coating put on materials before applying the paint
itself. The primed surface ensures better adhesion of the paint, thereby
increasing the durability of the paint and providing improved protection for
the painted surface. Suitable primers also may block and seal stains, or hide

a color that is to be painted over.

A primer consists of 20-30% synthetic resin, 60-80% solvent and 2-5% additive

agent. Some primer contains polyethylene (plastic), for better durability.



Primer as a step in the coating process of a car body
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Anti Corrosion Zinc Rich Epoxy Paint Steel Anti Corrosive Bilge Antifouling Marine Grade Ship Paint
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Base coat

A basecoat is typically the second layer of paint or other coating material that

serves as the base on which the top or finishing coat is applied.

It provides color to the top or final coating

Tricoat System Basecoat/Midcoat/Clearcoat

= R
- eamssmm T ____-v
\

Clearcoat
Midcoat

BLUE BARAY
E Basecoat {Paint Color)
ACRYLIC BASE
L@ Primer

L ] Sheet Metal i
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clear coat of paint

The clear coat is a transparent layer of paint that can be used to cover the
colored coat. The clear coat is usually the last coat of paint that is applied to a
panel. The thickness can vary a lot per panel and per manufacturer. On
average it can be between 30 and 80 micron. The clear coat is not always

used, single stage paint is not covered with a clear coat.

Hons Jy oo @

CLEAR COAT
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Lacquers, emulsion paints and
non-aqueous dispersions



The term lacquer is used for a number of hard and potentially shiny finishes

applied to materials such as wood or metal. These fall into a number of very

different group

Lacquer is a solvent-based paint or varnish that produces an especially hard,

durable finish. Usually it is a rapidly drying formulation.

They don’t have shelf-life or pot-life limitation.






Cellulose polymers

dipis (o0 NO2 oy S OH s H ples glo 4 09 ats ) SO 55 Suml ok 59, S|

Nitrocellulose

it contains nitrate (C—O-NO,) groups



Acrylic polymers

T BTT
CH,=CH—C—0O—H and CH,=C—C—O-H

acrylic acid methacrylic acid



Emulsion paints are water-based paints in which the paint material is
dispersed in a liquid that consists mainly of water. For suitable
purposes this has advantages in fast drying, low toxicity, low cost,
easier application, and easier cleaning of equipment, among other

factors.
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Non-aqueous emulsion coatings: organosols
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Oil paints
Oil paint js a type of slow-drying paint that consists of particles

of pigment suspended in a drying oil, commonly linseed olil.
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Rosin consists principally of abietic acid and its isomers.

H,C COOH
\ /

C CH,
HZCI/ \(Ijﬁ \(":H
H,C C C

*Hyc 7. CcH “CH
CH; | C",‘ CH

3

2 \Cl-fz \CP\/I

CH,;
abietic acid



H H-O H C=—
\/ \ \ /
CH, C O C=C H
\ / N\ / \ LN 5 \ / \
CH=CH CH=CH + 0; — C= C=C— — C=C H
/ N/ \ / A\
H HH H H H

—CH=CH—CH,—CH=CH— +0, ——> —CH=CH—CH—CH=CH-—

I—0—0—

—~CH=CH—CH=CH—CH=CH— + 0, —>
6 s 4 3 2 1
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~CH=CH—CH=CH—CH—CH~
o)

|
0



Varnish is in effect paint without pigment; it provides a protective coating
without substantially changing the color of the surface, though it can

emphasize the color of the material.

Enamel paint is formulated to give an especially hard, usually glossy,

finish. Some enamel paints contain fine glass powder or metal flake
instead of the color pigments in standard oil-based paints. Enamel paint

sometimes is mixed with varnish to improve its shine and hardness.
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An alkyd is a polyester modified by the addition of fatty acids and other

components. They are derived from polyols and a dicarboxylic

!
o
% 0
%, ° © oiow

acid or carboxvylic acid anhydride.
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Thermosetting alkyd, polyester
and acrylic paints based on
nitrogen resins
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It yields formaldehyde gas when heated to 180-200°C. Reactions between
urea and formaldehyde proceed as follows:

o CONH: 5 CONDENSATION
“NH-CO-NH, REACTION
(M, bisamide (insoluble in water)

+ &o and other insoluble products

ACIDIC
solution
NH,

H- ITI H + H,C=0
C=0 Formaldehyde

|
NH, BASIC
Urea solution

HITI-CHZ-OH HITI-CHZ-OH
= : _ ADDITION
(|: 2 (|: > REACTION
H-N-H + CH,0 HN-CH,'OH
monomethylol dimethylol urea

urea (soluble in water)
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SAGGING is due to the action of gravitational forces on a coating applied to
an inclined surface as
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Conversion coatings
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Anodizing process



History

The history of electrochemical oxidation of aluminum dates back to the beginning of
the last century. Anodic treatment of aluminum were intensively investigated to obtain

protective and decorative films on its surface.



What is Anodizing?

It is an electrochemical oxidation of the
aluminum surface to produce a stable film
of aluminum oxide (ALQO,).

q Aluminum is “rusted”
artificially and uniformly
q Electricity and Chemicals required

electrical current passes through
aluminum immersed in an acid solution

@ Aluminum Anodizing




ANODIZING

Anodizing Process

O When aluminum is anodized conventionally, direct electrical current (DC) is
passed through a bath of sulphuric acid -- the electrolyte -- while the aluminum
being treated serves as the anode. This produces a clear film of aluminum

oxide on the aluminium's surface.
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Anodic Oxidized

[+]Power Supply|-

Ammeter (4]

Volt Meter (V]

Bubble agitation

+ Pole
1 (anode]

LLayer Formation

Hydrogen Bubbles

- Pole
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Xk

Material: Aluminum

Material: Carben




Anodizing Process

L
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Electrolyte
Anode
€[ athode Cathode

Anodising
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Anodizing

Cellular oxide laver
with dye/color deposit

Original Barrier type Cellular oxide layer
metal part oxide laver

Metal (aluminum) substrate S sibataal s




Electrode
Electrolyte L

ALO, APP4 02/OH{

4.
M
Figure 1.3: Schematic diagram of the pore formation at the beginning of the anodization. Regime
1: formation of barrier oxide on the entire area; regime 2: local field distributions caused by surface

fluctuations; regime 3: creation of pores by field-enhanced or/and temperature-enhanced dissolution;
regime 4: stable pore growth.
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Hydrate {film)

Anodizing film.

Ancdizing film.

Material is anodized, Dve penetrates countless Sealing generates

ganerating anodizing film. poras in the film's surace. hydrates (film) that lock
the dye in place inside
the pores



—— pore

porous layer | cell wall

barrier layer {
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Schematic diagram of a porous film, according to [16].
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Types of Anodizing

Q Type — | : Chromic Acid Anodizing.
QO Type — Il : Sulphuric Acid Anodizing.

QO Type - lll : Hard Acid Anodizing.



Soft and Hard Anodizing

U Chromic anodizing utilizes a chromic acid electrolyte and yields the thinnest
coatings, only 0.5 to 2.5 microns thick. Chromic anodizing has the least effect
on fatigue strength and is less corrosive.

U Sulphuric anodizing is the most common method of anodizing, utilizing
sulphuric acid to yield coatings up to 25 microns thick. Sulphuric anodizing
provides corrosion resistance and is very durable.

U Hard anodizing utilizes a higher concentration sulphuric acid electrolyte at a
lower temperature resulting in a tough outer skin(greater than 25 microns)
with excellent abrasion resistance, corrosion resistance, colour fade resistance,

dielectric strength and surface hardness



ANODIZING

Anodizing Process

¥

Degrease, if
required

v

Alkaline clean

’

Deoxidize

v

Anodize

Alkaline etch, if
required

.

Diesmut

Seal, if required

.

Dry

-

DCwye., if required




BASIC STEPS IN ANODIZING S ‘
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Conversion Coatings -
Oxidation
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Advantages of Anodizing

q Highly durable

q Inexpensive to produce and maintain

g Won’t chip, flake, peel or chalk

q Maintains metallic appearance of aluminum

g Environmentally friendly
- No VOC’s
- No heavy metals

~ Byproducts aid mu nicipal wastewater treatment
facilities to separate solids and neutralize pH

@ Aluminum Anodizing
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current density

temperature

\ voliage /

process parameters

chemical composition

Qicrosﬂructure /

substrate parameters

geometry of the layer

microstructure of the layer

layer thickness

\

cracks

roughness

properties
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pores

chemical and phase composition and
distribution ...

e

hardness wear

/ A\

RN

corrosion
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Table 1.1: Alumina oxide forms [39]

Name Crystalline form  Density (g/cm”) / Crystal system Remark
Corundum a-Al, O3 3.97 / hexagonal found in nature
Boehmite a-Al;03-H,O 3.44 / ortho-rhombic

Gibbsite a-Aly03-(H20)3 2.42 / monoclinic
Diaspore 3-Al,04-(H,0) 3.4 / ortho-rhombic no occurrence in nature
Bayerite 3-Al;035-(H20)3 2.53 / monoclinic

Gamma alumina

7-AlO3

/

anhydrous alumina
with ill-defined structure




Anodizing is a process of coating a base metal (ike Aluminium, or
Magmnesium with a thin uniform and protective oxide fifm.

Anode: Base metal
Electrolyte: Chromic acid, dil. H28S04 or Phosphoric acid
Cathode: Graphite rod or lead sheet

The anode coating being thicker than the natural oxide
film, it has greater resistance to corrosion and
mechanical injury.

By addition of suitable dyes and pigment to the
electrolyte, brightly colored, 1lustrous surface
coating are obtained.



Metal Anodizing ratio (AV~1)

Tantalum 16.0
Niobium 220
Zirconium 20 ~ 27
Tungsten 18
Silicon 4-8
Aluminum 10.0 in 15 % sulfuric acid

11.8 in 2 % oxalic acid
11.9 in 4 % phosphoric acid
12.5 in 3 % chromic acid
13 ~ 13.7 in barrier-type electrolytes







Anodic Oxidation
AO
V

[ Electrolytic Anodic Oxidation ]

EAO

/EloxiereL (Germ%\

Electrochemical Anodizing Hardanodizing

(low temperature) W/

PAO

Anodic Oxidation by Spark Discharge ) ‘ o
AOSD High Voltage Anodizing

[ Plasma-electrolytic Anodic Oxidation ]

Anodic Spark Deposition Micro-Arc Oxidation

. . ASD MAO
Dielectric Breakdown Process

Anodische Oxidation mit Funkenentladung \
ANOF (Germany)

Plasma-chemical Anodic Oxidation
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Fig. 12 Schematic classification of the commonly used processing windows (temperature and
voltage).



Table 1

List of further similarities and differences between the EAO and PAQ processes.

features

EAO

PAO

kind of reactions

liquid-solid reaction in the
electrolyte

gas-solid reaction in the
electrolyte under plasma
conditions [36]

main factors

electrolyte, current density,
current type, current shape,
voltage, temperature, frequency,
substrate

electrolyte, voltage, current type,
current shape, current density,
substrate

electrolyte

acid

alkaline ... neutral

formation rate

depends on the process
parameters [27]

ca. 1 um min™ [36]

coating composition thin barrier layer — porous outer thin barrier layer — (intermediate
layer fine porous layer) — porous outer
layer [36,40]
kind of phases amorphous crystalline (a-Al,O3 und y-Al, 04,

spinels), small amounts of
amorphous phases

shape of the pores

tubular, regular

unshaped, irregular

protection equipment

more expensive

less expensive

costs

lower

higher

application range

wider

less wide

post-treatments

colouring, sealing, impregnation
(e.g. PTFE)

mechanical machining,
impregnation (e.g. PTFE)

used substrate light
metals

Al, (Ti colouring) and its alloys

Al, Mg, Ti and its alloys as well
as further valve metals
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Cr,0,.Cr;05.xH,0

Cr(OH),.Cr(OH).CrO,
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