2.1 2, 4,5, 8

2.1.1 (Sails)
1 \
2.

2.1

2.2

(water soluble soils)

(0il soluble soils)

(saponifiable)

(unsaponifiable)



2.3 (insoluble soils)

2.1.2 (Substrates)
1.1
1.2
1.3
2. (synthetic fibres) (acetates)
(triacetates) (rayon) (nylon) (polyester)
2.1.3 ' (Washing Mechanism)
1. (wetting)
2. (neutralization)
(acidic)
3. (detergency)

4, (dissolving)



f Vi 'l 5

DVT1?3 1 > ?,
5. (saponifiable)
6. (emulsion)
7. (dispersion)
8. (suspension or prevention of
redeposition)
9, (mechanical action)
2.1.4 (Surfactants) [L, 23]
R1-COO0 - CH2 R, - COO HO - CH2
R2-CO0 -CH + 30H R2- COO + HO -CH
I —N I I
r3-co00 -ch? r3- coo HO - ch2

(Vegetable 0ils) (Alkalis) (Soap)



(R-CO0) (-C00"orpolar head)
(R- or hydrophobic tail)

/\/\/\/\/O o

C D
Vv

Hydrophobic

2.1 \ (Surfactant) [23]

(free energy)

(surface tension)

2.2 ' U

(micelle)



(electrostatic repulsion)

,  (hydrophobic interaction)

& s,

23 (Micelle) [7]

(nature of polar heads)

2. (nature of hydrophobic tails)
3, (counterions) (NaOH)
(Na+)
4, (electrolytes)
(NaOH)

(critical milcelle concentration orC.M.C.)

2.1.5 (Type of Surfactants) [3, 7, 22]
. (anionic)
(soap, R-C0OO0)
(alkyl sulphates, R-0-S03) (alkyl ether sulphates,
R-(0CH4n0-503) (alkyl phenol ether sulphates,



R- Ph -(0C2H4))- S03) (alkyl benzene sulphates, R- Ph -S03)
. (nonionic)
(alcohol ethoxylates, R-(0C2H4 -0 )
(alkyl phenol ethoxylates, R- Ph -(OC2HAnOH)

. (cationic)

(alkyl trimethyl ammonium halides, R-N+(CH3)3)

. (amphoteric)

22 / L2

(surfactants)

(immiscible)



2.5

2.2. Adsorption and Critical Micelle Concentration (CMC) [1, 23]

(CHjOH)
bulk

2.4

Lkjgk3
| KIOK)

Cocpmay

P olar sota

24

carboxylate ion (COO )

10-18
18

7

DR B G S 7 Hvdgrophob.c

solia

{ Aif
<KXC»

C [23]
(CH2)n

Na+

[15, 18, 21,23]

2.4
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. (Hydrophobhic Effect)

hydrophobic effect

(Hydrophilic Effect)

disordering
effect hydrophilic
carboxylate, sulphate, quaternary ammonia

primary amine, amine oxides, sulphoxides,

phosphine oxide

Concentration Water/ hydrophabic surface Water / hydrophilic surface

Very low
i arid I

Low
I

v
Monolayer
atCMC

o [

2.5 , 23]



hydrophilic

hydrophobhic effect
hydrophilic effect

J (Critical Micelle Concentration, CMC) [1, 23]
2.5
(1 )
(111)
(unimolecular layer)
CMC
hydrophobic hydrophilic CMC
hydrophobic hydrophilic
1 2.5
CMC
2.6 hydrophobic
hydrophilic hydrophobhic
hydrophilic 2.6

(maximum adsorption)

2.7



2.6

\Y 2.6)

hydrophobic (

interfacial tension)

Adsorption

Adsorption

Adsorption

2.6

Water / highly hydrophobic solid

12

2.8

v

ITr

I

|

Concentration

Warter / highlv hydrophilic solid

I

Concentration

Water /most solids in practice

v

Concentration

[23]
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Surfactant solution in aic
tension

Surfactant molecules forming adsorbed layer

Adsorbed layer complete

Surfactant B

Surfactant A

CcMC A CMC B Concentration

2.1 [23]

. Surfactan [ution/ immiscible solven
Surface tension urfactant agueous solution/ scible solvent

at

interface Surfactant molecules forming adsorbed layer

e

N~

Adsorbed layer complete

"

Concentration
CcMC

2.8 [23]

CmC hydrophobic

hydrophilic

2.9
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—_
o

[23]

2.9

aggregation number

2.1

aggregation number

aggregration number [1,23]

2.1

aggregration number

23 71

C,2H2 04Na

400

25

) 6H

c1h 250 (CH2CH2

1400

35

3 36

2

CrOH2IN (CH3)3Br

aggregration

cationics

anionics

anionics

nonionics aggregration number

numhber



CMC
CMC
CMC
CH3(CH2)nX X hydrophilic
CMC
CMC X
CMC
nonionic amphoteric
CMC 2

15

ionic

CmC

»

UFIUUY 1 I * 2 ©ousauuut
A P g

wsuuy 2

%e

2.10 ?,

[23]



CMC
1.
1
quarternaries
2.
sulphonates
3.
CMC
hydrophilic
4 pH
CMC
CMC
5.
2
CMC
6.
1

CMC

CMC

CMC

CMC

pH

anionics

hydrophilic

hydrophilic

sodium salts

(CH2)

cationics

CMC

16

calcium salts

(hydrophobic)
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2.2.2 Cloud point [ ,23]

(adsorption)

surface active property surface active
property
hydrophobic hydrophilic
ionic
Kraff point
Kraff point 2.11
Temperature
of
aqueous A S
Solib® NOMHONKC st wfactand
Cloud pont
Nonsurfactant
Krafft point
Clont suractant
0°C
Concentration
CMC

2.11 [23]



2.12

Lamellar phase

Lamellar phase

Neat phase

isogel

gel

cubic

2.12

il

2.2.3



22 ' [23]
Spherical
Cylinders
Hexagonal packing of
Cylinder
Lamellar packing at high
Concentration
Cubic phase
Viscosity cp
100000
lamellar
10000 /&
o - hexagonal
e (]
spheres '
0 P
gme Concentration
2.13

ether sulphate [23]

19



2.2.4 Solubilization

hydrophilic
2.14

ester

20

aggregation number

Microemulsion

hydrophobic
hydrophilic

hydrophobic

solubilization
Solubilization . solubilisate
solubilisate fatty acid lalcohol

—> surfactant

< solubilisnce

e

<:é> surfactant

€ solubilisnrte

2.14 Solubilization [23]



« tffiijvn Jitiin

solubilization
solubilization
(oleic acid) 2.3
2.3 solubilization , oleic acid anionic [23]
oleic acid
solubilization
FES 12.8 0.2 28
LABS 12.5 0.1 19
AS 7.5 0.1 14
solubilization
2.15

JIm

Ug‘[SC&ﬂGI‘ [ 1mrc

=y .

& Meorcanifeons] | «  sirticron
. " jo11
Maoemulsiona IO'OK—
| A1
Solutions v 1AY OLfm
_______________ 0

2.15 23]

21
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2.2.5 Wetting
wetting

2.16

Wening time (sec) 40

20

10 i2 4 16 18 20
Chain length of zlpha-olefin sulfonate

2.16 wetting \ ' alpha-olefin sulphonates [23]
wetting
L C9-C12
2. hydrophilic
wetting hydrophilic
3. wetting
4,
wetting
5. cosurfactants wettting anionic surfactant
6. pH wetting Sulphocarboxylic acid
wetting pH pH

carbonyl
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2.2.6 Foaming

2.17

L
Spherica! foam Honeycomb foam l.amellar foam
217 [23]
Lamella
Laplace
[, =sr(l?1+ 172)
ST R1, R2

dP

2.18



2.2.7

Macroemulsion

2.18

Gas

Liquid lamellar
Gas

[23]

Lamellar

( foam stabilizer)

(oil in water emulsion : O/W)

(water in oil emulsion : /()

24
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3 I 1

1. Creaming Sedimentation

2.19

2. Flocculation

w

Separation lcoalescence or hreaking

4, Oswald ripening

Creaming Flocculation Separation

2.19

2.20

Coalescence or breaking

(23]

25
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ANAANANAANA

7 N
smitU oil drop O large oil drop
\ /“
Lo3

aqueous phasc
Energy

e

interior

2.20 Ostwald ripening [23]

creaming

Ostwald ripening
Coalescence

2.21

[ON aqueous Y/

L)

Na

Nt

2.21 Anionic Surfactant [23]
(a) olw
(b) W/0
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Multiple emulsions

hydrophabic
2.22
@
2.22 [23]
2.2.9 ‘ (Detergency) [3]

2.23



1J)

28

0J be&ittL .

cle

REPULSION

Surfactant adsorbed on both particle and substra

2.23 3]
2.3 (raw material) builder 2,35 §
Raw material Builder
alkylbenzene sulfonate
sulfonation dodecylbenzene  sulfonating agent neutralizing
alkali — amine
2.3.1 Dodecylbenzene
Dodecylbenzene alkylbenzene alkylate
(detergent alkylate) alkylbenzene 12
alkylbenzene linear
alkylbenzene bio-degradable
(alkylation)

propylene tetramer

non-hiodegradable
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propylene tetramer benzene
linear alkylbenzene

100%
2.3.2 Sulfonating agent
Sulfonating agent dodecylbenzene sulfonic acid  sulfur trioxide
, (oleum) 22% 65%
9%  100% chloro sulfuric acid
65%
22% 22%

Sulfonating agent

(v) (a)
(13)
sulfonating agent

, (electrical conductivity)
(03 sulfonating agent
2.3.3 (neutralizing agents)

dodecylbenzene sulfonic acid

caustic soda soda ash caustic soda

soda ash



(absorbent)

alkylamine

30

soda ash (Na2C03)

neutralizing agent CaC03  MgCOQj pH
19 2

caustic soda (NaOH)

40-50% ( 48%)

(hydrometer)

water containing saponified polishes
25%

neutralizing dodecylbenzene sulfonic acid
2 alkylolamine
neutralize



2.34
trisodium
phosphate tetrasodium pyrophosphate sodium tripolyphosphate
2
orthophosphate  complex phosphate (condensed phosphate)
2.3.5 (thickening agents) [1]
carboxy methyl cellulose (CMC) CMC
nonnewtonian
pH
CMC
carboxyl vinyl polymer methyl

hydroxy propyl cellulose, hydroxy ethyl cellulose, ethyl hydroxy cellulose hydroxy
propyl methyl cellulose

. (silicate)
(soil suspension) (redeposition)
wetting agent emulsifier
3
1 (sodium ortho silicate, Na4Si04)
2, (sodium sesqui silicate, Na2Si20 7)

3, (sodium meta silicate, Na2Si03)
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3
Na:Si02
Na2) Si02 Na2)
“colloidal silicates" Na):Si02
1:1.6 1:3.75
pH colloidal silicates 116 124
emulsifier
(wetting agent)
J (carbonate)
4 (Na 03
(modified soda, Na203 .NaHC032H2X) (NaHC03)
(K2C03)
neutralizing agent
NaHC03 pH
NaHC03 slurry
alkylbenzene sulfonic acid
sulfonation L '

dodecylbenzene

CMC CMC
cloud points



3

J (alkylbenzene sulfonic acid)
alkylbenzene sulfonic acid “acid slurry"
alkylbenzene sulfonic acid 2 sulfonic acid
87% 500 Cp. sulfonic acid 98.5%
20,000 cp.
alkylbenzene sulfonic acid
sulfonation
sulfonation sulfur trioxide
J (foam regulators)
alkyl aryl based detergent
C2 mono-ethanolamine, mono-isopropanolamine
di-ethanolamine ethyleneoxide
lanoic  onoethanolamine, monachloro-dialkyl amino-triazine
J (anti-redepositing agents)
CMmC
CMC

24



6]

(intermediate)

ans

w4470ty Sun L B g gu)

(transition state theory)
(potential energy barrier)
2.24

Ci e - S v
U3 WMINNAT WAL AT sHauind S anumng
wWues¥dnI 13 ma AUpnIu ™A

LUAMICT AUNNIBY 138 Huind 33 TuRngm
thwalidni N Irno wnniIuas

anaz it

LURRELL G ETT

1% o m3cgaliou AV IUARUA

- am=
NI AUBD ANIUY

2.24 6]
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5.
6.
? (catalytic reaction catalysis) [10, 13, 16]
3

1 (homogeneous catalytic reaction)

11

1.2
2. (heterogeneous catalytic reaction)

3. enzymatic catalysis

mobilized enzyme
immobilized enzyme



24 | ?
2 2
3. 3
2.9 [14, 17, 21, 25]
3
! ! 2
2.5.1. Hard detergent alkylate (branched-chain)

sulfonation ABS (alkylbenzene sulfonate), BAS (branched

alkylbenzene sulfonate), tetrapropylene benzene sulfonate, dodecylbenzene
sulfonate

2.5.2. Soft detergent alkylate (lineared-chain)
sulfonation LAS (linear alkylbenzene sulfonate)



31

LAB (linear alkylbenzene)

LAB
chloro-n-paraffin linear olefins chloro-n-paraffin
linear olefins 2 linear ct-olefins
terminal olefins linear internal olefins linear olefins

LAB linear olefins linear olefins
» Dehydrogenation paraffins
* Oligomerization ethene
J paraffinic wax

»  Chlorination/Dehydrochlorination paraffins
n-paraffins branch cyclic hydrocarbon

n-paraffins kerosene selective
adsorption n-paraffins 5 A° molecular sieves n-paraffins
branch cyclic hydrocarbon sieves
sieves n-paraffins sieves desorption
n-pentane n-paraffins heavy paraffinic
(thermal cracking) linear a-olefins C5CY
0,0-0,5
26 [17]
LAB

(alkylcarbenium ion )
(rearrangement) 1 2 2.25



cbh6
[RCHZXH=CHZ [RCHXLHCHY - > 2-Phenyl dodecane
*F
-F
CEHg
rchhch3 [RCHCHXCH3 3-Phenyl dodecane
F
2.25 [17]
(degree)
(AICI})
(HF) ! (phenyl isomer)
LAB
LAB
(by-product) diphenyl alkane, dialkylbenzene, 1,3-dialkylindanes,
1,4-dialkyltetralins LAB
LAB (surfactant)
light-duty liquids, heavy-duty liquids ~ heavy-duty powders
LAB minor

component [dialkylindanes, dialkyltetralins]
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(sulfonate) NH#  +  Nat k-
monoethanolammonium (MEA),  diethanolammonium (DEA), tri-ethanolammonium
(TEA) LAB LAS (linear alkylbenzene sulfonate)

sulfonation f
COHCH
light-duty liquids LAB
Ci(2  heavy-duty laundry LAB
0,2-0,4 Ethyl Company
LAB light-duty liquids heavy-duty
laundry ' 10%c,0 75%CR 15%c,4
LAB Friedel-Craft
catalysts (AlClg) (HS04)

(HF)
(‘homogeneous acid catalysts )

(‘heterogeneous acid catalysts ) Zeolite (HZSM-4, BETA, HZSM-20, REY, MCM-20)

LAB (MS)
(GO); [Gas-chromatography/MS (GCIMS)]
Apiezon L Internal isomers
2.1
Le [20] long-chain
olefin zeolites MCM-22 zeolites BETA

1 2.02 1.01 38
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reaction time 5 204
21 zeolites MCM-22 LAB
2- 3-alkyl isomer zeolites BETA Lewis acid
Otvos [24] LAB
GCIMS
0.3 100 Apiezon L GCIMS
GCIMS
Bakhshi-zade [11]
Ca,Na-Y zeolites (batch reactor)
210-240 2 LAB 45% 50
selectivity 98%
83% 2- 6% - 4% 4-
% 6
Swisher [25] 6 phenyl-n-
dodecanes ' [30:60  Apiezon L
column, 240/270 » Hewlett-Packard]
(by-products)
Cavall [12] LAB dialkyltetralins
Isocratic HPLC ~ microparticulate silica
stationary phase is0-octane mobile phase uv absorbance
254 , 1 dialkyltetralins/1,4-dialkyl 2,3-dihydronaphthalene

LaB 0.5-10 %
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