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The Effect of the Surfactants on the Growth and Momphology of Monodispersed

Hematite Particles from Ferne Chlonde Solution

Sang Tac Kim

Department of Chemical Engineering
Graduate School of Industry
PPukyvong National Universily

Abstract

This study was investigated the effect of the surfactants on the size and
shape of  monodispersed ferric oxide particles prepared by forced hydrolysis of
ferric chloride solution.

In the absence of the surfactants, both akaganeite and hematite formed
mitially.

As the reaction proceeded, however, akaganeite disappeared while hematite
enlarged 1o form spherical particles.

To investigate the effect of the surfactants, cationic, amphoteric or anionic

the surfactants were added to 0.2 M FeCl., solution.

In the presence of the cationic or the amphoteric surfactants, the spherical
particles were obtained within 12 hours and, with longer aging times, the
particles were finally combined to form larger secondary particles.

In contrast, addition of anionic surfactants either formed only the akaganeite
or delaved the growth of particles.

These results were suggested that, in the view of the growth of particles
and the reaction time needed, the surfactants either increase or decrease the
surface tension of the reaction solution by affecting the diffusion rate and

thereby affecting the rate of crystallization.
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Table 1. Chemical formula and structure of iron oxvhydroxide

Oxide Formula Structure Color

Waustite FeO

Goethite a FeOOH Orthorhombic Yellow brown
Akaganeite B FeOOH Tetragonal Yellow brown
Lepidocrocite v - FeOOH Orthorhombic Orange
Feroxyhyte d - FeOOH Hexagonal Red brown
Ferrihvdrite Fe;HOq - 4H-O Trigonal Red brown
Magnetite Fe:0, Cubic Black

Hematite a  TFeOy Trigonal Bright red
Maghemite v FeOy Tetragonal Red brown
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air
/NH4OH.4D C, pH<S pH>12
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BA[E

A OH. 40 102202 7
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: NaOH, 27-B0C, pH=6-8 Y- FeOO0H

Fig. 1. The principal methods of preparation of iron oxide.
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Fig. 1. Schematic diagram of experimental apparatus.



32 2%
o7} Fita LBl 002M FeCl Bolat ole) wiel A A

500ml Erlenmeyer flask{pyrex)el] W 5 Teflone. i #Est 2 100C + 2T

of elAgk s g fAetal iz oA S STk AW Al w7t
it 01, 05, L0g/Li ghalvh febiz 4 AR 5 e Al w2
WAl ¥ Ao wyksteh gole] Fab iz A se] ol AsE s 214
K] /)5 o] g3ate] oF 2000 rpmell A W] Al HE § 0 oA dx sielvh
ol @l abah3l bk wl¥kSel W EARAS TEM2 % XRD2 4 g i
A3 =y Fig. 3o vhehui it

3.3 A8 717
1) Transmission Electro Microscopel( TEM)
Japan, JEOL, Model JEM-2010
2} X -Ray Diffractometer(XRD)
Netherlands, PHILIPS, X'Pert-MPI) Svslem



3.4 23 Ax R At

WooaleElol| A AL S8 FeCly

%ﬂﬂﬂ.ﬂﬂﬂﬂ

&sfou,

Lok T agelA e S

- 6H205=

AL Al A A A

A Junsei Chemicals @
A g ol A
Table 201 vephu Aok

Fioold FHES ALEHY

o] oo
SENT A 29

Lt

Table 2. Component of surfactants used for manufacture of a Fe:Oy

Chemical component

Producer

Dimethyldioctadecyl
ammonium chloride

Miwon Chem.

N Cocamidopropyl- N,N
dimethyvlglvcine

Miwon Chem.

Sodium salt of sulfenated
naphthalene formaldehvde

Dongnam Chem.

Sodium dodecylbenzene
sulfonate

Cosel Chem.

Common .
I'vpe
name
MICONIUM Cation
DSDM75 A
MITAIN amphoteric
CA aml
T N Anion
Pionin )
NDA 50 Anton
Pionin )
CLS Anion

Calcium ligno sulfonate

Cosecl Chem.




FeCls sol. Surfactant sol.

Hydrolysis reaction

Cooling

Centrifugation

Washing

Drying

a-Fe:0s paticles

Fig. 3. Preparation method of a-FeOy particles.
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Fig. 5. X ray diffraction pattern of 8-FeOOH.
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Fig. 6. Transmission clectron micrographs(TEM) of hematite
particles obtained with 0.02M FeCl; solution at 100T
and 12h.
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Fig. 7. Transmission clectron micrographs(TEM) of
hematite particles obtained with 0.02M FeCls
solution at 100C and 24h.
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Fig. 8. Transmission electron micrographs(TEM) of hematite
particles obtained with 0.02M FeCly solution at 100°C
and 36h.
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Fig. 9. Transmission electron micrographs(TEM) of hematite
particles obtained with 0.02M FeCls solution at 100C
and 48h.
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Fig. 10. Transmission electron micrographs(TEM) of hematite
particles obtained with 0.05M FeCls solution at 100°C
and 48h.
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Fig. 11. Transmission electron micrographs(TEM) of
hematite particles obtained with 0.08M FeCls
solution at 100C and 42h.

_17_



Fig. 12. Transmission electron micrographs(TEM) of
hematite particles obtained with 1.0M FeCls
solution at 100°C and 48h.
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Fig. 13. Transmission electron micrographsCTEM) of
hematite particles obtained with amphoteric

surfactant MITAIN CA (O.1g/1) at 0.02M Feclz
and 1007C, 12h.
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Fig. 14. Transmission electron micrographs(TEM) of
hematite particles obtained with amphoteric
surfactant MITAIN CA (05bg/L) at 0.02M Feclz
and 1007C, 12h.
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Fig. 15. Transmission electron micrographs(TEM) of
hematite particles obtained with amphoteric
surfactant MITAIN CA (1.0g/L) at 0.02M Fecls
and 100C, 12h.

_22_



Fig. 16. Transmission electron micrographs(TEM) of

hematite particles obtained with cation surfactant
MICONIUM DSDM75 (0.1g/L)

at 0.02M Fecls
and 100TC, 12h.
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Fig. 17. Transmission clectron micrographs(TEM) of
hematite particles obtained with cation surfactant
MICONIUM DSDM75 (0.5g/L) at 0.02M Fecls
and 100°C, 12h.
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Fig. 18 Transmission clectron micrographs(TEM) of
hematite particles obtained with cation surfactant
MICONIUM DSDM75 (1.0g/L) at 0.02M Fecls
and 100T, 12h.
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Table 3.

Properties of products formed with FeCl: Concentration

. . Product
Concentration
of
FCClij sol. Time Color Paticle shape | Paticle size |Crystal structure
(g/1 (h) - (TEM) (TEM) (XRID)
0.02 a3 | Pright | sphere 100nm @ FeiOs
red (trigonal)
Rod L:150nm
~ - ! —po
0.05 48 | Yellow (tetragonal) | L/W=35:1 B-FceOOH
, Rod L:150nm, o
(.08 48 | Yellow (tetragonal) | L/W=3511 B-FeOOH
i, Rod 1.:140nm,
0.1 48 | Yellow (tetragonal) | L/W=35:1 B FeOOH
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Fig. 19. Transmission electron micrographs(TEM) of
hematite particles obtained with anion surfactant

Pionin CLS (0.1g/1) at 0.02M Fecly and 100, 1Zh.
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Fig. 20. Transmission electron micrographs(TEM) of
hematite particles obtained with anion surfactant
Pionin CLS (05g/1.al 0.02M Fecl; and 1007, 24h.
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Fig. 21. Transmission electron micrographs(TEM) of
hematite particles obtained with anion surfactant
Pionin NDA-50 (0.1g/L) at 0.02M Feclz and
1007C, 12h.
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Fig. 22. Transmission electron micrographs(TEM) of
hematite particles obtained with anion surfactant

Pionin NDA-50 (0.5g/L) at 0.02M Fecly and
100°C, 12h.
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Fig. 23. Transmission electron micrographs{(TEM) of
hematite particles obtained with anion surfactant
T-N (0.1g/L) at 0.02M Fecly and 1007T, 12h.
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Fig. 24. Transmission electron micrographs(TEM) of
hematite particles oblained with anion surfactant

T -N (05g/L) at 0.02M Fecl: and 100T, 24h.
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Fig. 25. Transmission clectron micrographs(TEM) of
hematite particles obtained with anion surfactant

T-N (1.0g/1.) at 0.02M Fecely and 100°C, 24h.
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Table 4. Propertics of products formed with

surfactant of reactants

Products
Surfactants ] S
Hriactants Conc. | Time Color Particle shape | Particte size s%rﬁc}ﬁgn
(g/1) | (h) ’ (TENM) (TEM) ' (XRD)
None 24 hright red SPhcr(\ 100nm a-Fei(y
{trigonal)
01 | 12 |bright red sphere 100nm a-FesOy
{trigonal)
DSDM-75| 05 | 12 | bright red sphere 100nm a-FeiOy
{trigonal)
10 | 12 | bright red sphere 100nm a-Fe,04
(trigonal)
0.1 12 | bright red SPhCFQ 100nm a-FeasOy
{trigonal)
_ . sphere .
M- CAL 05 | 12 |bright red SPheTe 100nm a-FeaOs
(trigonal}
Lo | 12 |bright red sphere 100nm a-FesOy
{trigonal}
. sphere
01 | 12 |bright red sphere 100nm a-FeaDy
(trigonal}
NDA 05 | 12 vellow rod - B-1°eO0N
{tetragonal)
1.0 48 - -
01 | 12 | dun red sphere 100nm a-FeOs
(trigonal)
rod
CLS ) 12 vellow 60nm G-FeOOH
{tetragonal)
1.0 48 - - -
01 | 12 | dull red sphere 100nm a-FeuOy
(trigonal)
trigonal a-FeOy +
T-N 0.5 24 rellow -
i verow + tetragonal B-FeOOH
. trigonal a-Fe Oy +
by RIPR. _
Loz vdlow 1 agonal B-FeOON
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