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INTISARI 
Mineral magnetit telah berhasil disintesis dari pasir besi menggunakan metode 

ko-presipitasi dengan variasi tingkat keasaman larutan/pH. Pasir besi tersebut diperoleh 
dari Pantai Selatan Yogyakarta. Pasir besi dipisahkan menggunakan magnet permanen 
untuk mendapatkan mineral yang bersifat magnetik yang digunakan sebagai bahan 
utama. Bahan magnetik dihaluskan menggunakan ball mill hingga ukuran ≤ 74, tujuan 
untuk mempercepat reaksi pelarutan dan mengurangi bahan non-magnetik yang masih 
terbawa. Pelarutan menggunakan HCl 37% pada temperatur 80 ᴼC. Reaksi 
menghasilkan larutan yang terdiri dari FeCl2 dan FeCl3, yang disebut sebagai larutan 
induk. Ammonium hidroksida (NH4OH) 20% ditambahkan ke dalam larutan induk untuk 
mendapatkan endapan besi oksida. Proses presipitasi tergantung pada pH larutan, 
sehingga pH larutan diatur dengan menggunakan variasi penambahan volume NH4OH. 
Rasio volume antara larutan induk dan NH4OH ditentukan yaitu A (2: 1), B (1: 1), C (1: 2) 
dan D (1: 3). Hasil pencampuran kedua larutan tersebut degan variasi volume 
menghasilkan larutan dengan berbagai tingkat pH masing-masing yaitu 5, 8, 10 dan 11. 
Serbuk hitam segera terbentuk selama proses reaksi berlangsung. Serbuk dianalisis 
menggunakan XRD. Sifat magnetik diukur menggunakan vibrating sample 
magnetometers (VSM) dan TEM untuk mengamati ukuran partikel. Hasil pengujian XRD 
tersebut ditemukan bahwa serbuk hitam tersebut adalah magnetit pada larutan dengan 
tingkat pH ≥ 8. Sifat magnetik menunjukkan bahwa Ms (saturasi magnetisasi) adalah 43 
emu/gr dan Gambar TEM menunjukkan bahwa ukuran partikel terkecil 26 nm ditemukan 
pada larutan B dengan tingkat pH 8. Hasil tersebut menunjukan bahwa nanopartikel 
magnetik (MNPs) dengan sifat superparamagnetik dapat disintesis dari pasir besi. 

 
Kata Kunci: magnetit, pasir besi, sintesis, pH, superparamagnetik. 
 

ABSTRACT 
Magnetite has been successfully synthesized from iron sand using co-

precipitation method with variations of pH levels. The iron sand was obtained from South 
Coast of Yogyakarta. The iron sand was separated using a permanent magnetic bar to 
obtain the magnetic mineral, which is used as raw material. The raw material was ball 
milled to reduce the particle size down to ≤ 74 μm. It was then dissolved and stirred in 
HCl 37% at 80 oC for 3 hours. The reaction yielded a solution consisting of FeCl2 and 
FeCl3, which is called as a master solution. Ammonium hydroxide (NH4OH) 20% was 
added to the master solution to obtain Fe-oxide precipitation. The precipitation process 
depended on the pH of the solution, so the pH of the solution was arranged using 
variations of NH4OH contents. The volume ratios of the master solution and NH4OH were 
A (2:1), B (1:1), C (1:2) and D (1:3), they were designated as samples A, B, C and D, 
respectively. Those various compositions yielded solutions with various pH levels, i.e. 5, 
8, 10 and 11, respectively. The black powder precipitation was immediately formed during 
the reaction. The powders were analyzed using XRD. The magnetic properties were 
measured using vibrating sample magnetometer (VSM). TEM was used to observe the 
particle size. From the XRD, it was found that magnetite compound was found on the 
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solution with pH level ≥ 8. Magnetic properties test show that Ms (saturation 
magnetization) is 43 emu/gr found on the solution with pH level of 8. TEM images show 
that the smallest particle size found on the solution B with pH level of 8. Magnetic 
Nanoparticles (MNPs) with superparamagnetic properties can be synthesized from iron 
sand. 
 
Keywords: magnetite, iron sand, synthesis, pH, superparamagnetic.  

INTRODUCTION 
 Nano magnetic technology has 
been being developed very fast. Nano 
magnetic materials are used in many 
applications such as compact disc, hard 
disc drive, Magnetic Random Access 
Memory, etc. As a super-paramagnetic 
material, magnetic nanoparticles 
materials (MNPs) is also used in 
medical applications such as drug 
delivery, contrast agent, Magnetic 
Resonance Spectroscopy (MRS) and 
Magnetic Resonance Imaging (MRI) 
(Iida et al, 2007). Iron sand is available 
in Indonesia in huge amount, especially 
in South Coast of Java Island which is 
potentially mined (Bronto, 2007; 
Tekmira, 2011). The main contents of 
the iron sand are tetanomagnetic 
minerals, including magnetite, hematite, 
titaniferrous, limonite and ilmenite 
(Yulianto, et al, 2003; Yulianto, 2009; 
Putra etal, 2008; Anshori et al, 2011). In 
the South Coast of Yogyakarta, the 
deposits areas of the iron sand spread 
from Parangtritis Coast in Bantul to 
Glagah Coast in Kulonprogo. The iron 
sand is also found in Cilacap 
Coast,Central of Java, which contains 
Fe3O4, Fe2O3,FeO.TiO2. It has been 
reported that the iron sand from South 
Coast of Bantul Yogyakarta contains 
Fe3O4 and Fe2O3 (Rusianto, et al, 
2012).Several methods of producing 
nano magnetic materials have been 
reported in literature such as co-
precipitation, micro emulsion, thermal 
decomposition, solvothermal, 
sonochemical, microwave-assisted, 
chemical vapour deposition (Faraji, 
2010). Angeliaet al (2006) reported that 
nano magnetite (Fe3O4) had been 
synthesized from iron sand using co-
precipitation with polyetilene glycol 
(PEG-1000) as the template. The 
volume ratios of the starting solution and 
PEG were (1:1), (1:2) and (1:4). It was 

found that the particle size decreased 
from 10.9 nm to 7.5 nm. In 2007, Iida et 
al found that various size of 
nanomagnetic particles of Fe3O4had 
been successfully synthesized using 
controlled hydrolysis in an aqueous 
solution containing ferrous and ferric 
salts with various ratios of 1,6-
hexanediamine as a base. The other 
method of synthesis of nano scale 
magnetic iron oxide is sonochemical 
synthesis which has been reported by 
Theerdhalaet al (2008). With this 
method, they have successfully 
produced ultrafine (< 10 nm) of magnetic 
iron oxide nanoparticles. 
 One of the simple wet methods 
in magnetite synthesis is co-precipitation 
through dissolving iron sand in HCl 
precursor and followed by precipitation 
with NH4OH addition. However, the 
amount and ratio of fero and feri chloride 
results is difficult to predict. The addition 
of NH4OH into the solution, will produce 
of precipitation of Fe3O4. Addition of 
NH4OH will also influence the pH level of 
the solution. This current research aims 
to investigate the effect of pH variations 
on magnetic properties of magnetite 
synthesized from iron sand. The iron 
sand was obtained from South Coast of 
Yogyakarta. The effect on the magnetite 
particle size and properties are also 
investigated.  
 
METHODOLOGY 

The iron sand was separated 
using a permanent magnetic bar to 
attractthe magnetic mineral, whichwas 
used as raw material.The raw material 
was ball milled to reduce the particle 
size down to ≤ 74 μm. It was then 
dissolved and stirred in HCl 37% at 
temperature 80 oC for 3 hours. The 
reaction yielded a solution consisting of 
FeCl2 and FeCl3 called as a master 
solution. Ammonium hydroxide (NH4OH) 



 

 
Thes
spaci
629).
spaci
magn
samp
comp
713) 
peak 
36.70

JURNAL
Vol. 7 No
 

 

20% was a
to obtain 
precipitatio
pH of the 
solution wa
of NH4OH 
the master
(2:1), (1:1)
were desig
and D, re
compositio
various pH
respectivel
was imme
reaction. 
analyzed 
diffractome
with radiat
The mag
saturation/M
and coerc
using Vibr

e d-spacing
ings of mag
 However, 
ings of sam
netite d-spa
ple A match
pound (α-Fe

(Bakoyanna
of sample A

0o (d = 2.45 Å

 TEKNOLO
o. 2  Februa

added to the
Fe-oxide p

on process d
solution, s

as arranged
contents. Th
r solution a
), (1:2) and
gnated as s
espectively. 
ns yielded 

H levels of 
y. Black pow
ediately for
The black 

using 
eter Shima
ion of Cu-K
netic prope
Ms, remane
ivity field/Hc

rating Samp

gs well co
gnetite (JCP
there were 

mple A tha
acings. Se

h with d-spa
O(OH) (JCP
akis, 2003)
A occurs at 
Å). Several p

OGI TECH
ari  2015 

e master so
precipitation. 
depended o
o the pH o

d using varia
he volume ra
and NH4OH 
d (1:3), and 
samples A, 

 Those va
solutions 

5, 8, 10 an
wder precipi
med during

powders 
XRD 

dzu XRD-
α (λ=1.5405
erties (mag
nt magnetis
c)were mea
le Magneto

Figure 1. XRD

orrespond t
DS card No
no peaks 

at correspon
veral peak

acings of go
PDS card no
. The max
2-theta (2θ)

possible Fe-o

HNOSCIEN

212

olution 
 The 
n the 

of the 
ations 
atiosof 

were 
 they 
B, C 

arious 
with 

nd 11 
itation 
g the 

were 
(XRD 
6000) 

56 Ǻ). 
gnetic 
m/Mr, 
sured 
meter 

D plots of sam

to d-
o. 19-
or d-

nd to 
ks in 
oethite 
o. 29-
ximum 
) of = 
oxides 

NTIA         

(VSM) acc
- 07 Stand
Properties 
Magnet 
Hysteresig
equipment
measurem
Transmiss
(TEM) (JE
observe th

 
DISCUSSI
 Fig
samples A
ratios of th
of (2:1), 
respectivel
that the ma
D have d-
2.01 Å, 1.
indexes of
1) and 

mples A, B, C

that can b
Fe2+/Fe3+ 
follows: 
Gothite is f
 

Fe

Hematite c
following re
 

F

                IS

cording to AS
ard Test Me
of High-Coe

Materi
raphs. The
was OXFO

ent range fro
ion Electr

EOL JEM-14
e nano magn

ONS 
gure 1 shows
A, B, C and
e master so

(1:1), (1
ly. It can be
ain peaks in 
-spacings of
62 Å and 1
f (3 1 1), (2 2

(4 0 0

C dan D. 

be formed in
and OH- (at

formed with t

e3+ + 3OH-

compound is 
eaction: 

Fe3+ + 6OH-

SSN: 1979-

STM A977/A
ethod for Ma
ercivity Perm
ials 

e type of 
ORD 1.2H wi
rom -1 to +1 
ron Micro
400) was us
netic particle

s the XRD p
d D, with vo
olution and N
1:2) and 
e seen in Fig

samples B, 
f 2.53 Å, 2.
.48 Å with (
2 0), (4 4 0)
0), respec

n the reacti
t various pH

the following

FeO(OH) + 
 

the result of

 Fe2O3+ 3H
 

-8415 

A977M 
gnetic 

manent 
Using 
VSM 

th the 
tesla. 

scope 
sed to 
e.  

lots of 
olume 
H4OH 
(1:3), 

gure 1 
C and 
97 Å, 
(h k l) 
), (5 1 
ctively.

 

on between
H levels) as

g reaction: 

H2O 

f the 

H2O 

n 
s 



JURN
Vol. 
 

 

Magn
follow
 

At low
are f
from 
Fe2O
comp
level 
synth
precip
when
amm
the fo
 

Fe

 

 

NAL TEKN
 7 No. 2  Fe

netite compo
wing reaction

Fe2+ + 2Fe3+

w pH level 
formed throu
Fe(OH)3to F

O3. In this 
pound occurs

of the solu
hesis of sam
pitation of m

n the maste
onium hydro

ollowing reac

eCl2(l) + 2FeC
Fe3O4(s) 

Figu

NOLOGI T
ebruari  20

ound is the re
n: 
+ + 8OH− F

 

(pH = ± 4.5
ugh two tran
FeOOH, and

current re
s at sample

ution is low 
ples B, C, a

magnetite im
er solution w
oxide (NH4O
ction: 

Cl3(l) + H2O(l) 
+ 8NH4Cl(l) +

re 3. TEM m

TECHNOS
015 

esult of the 

e3O4 + 4H2O

5), Fe2O3 par
nsformation 
d from FeOO
esearch, Fe
 A where th
(pH = 5). I

and D showe
mediately fo
was reacted
OH), accordi

+ 8NH4OH(l)
+ 5H2O(l) 

icrograph of 
c) sam

SCIENTIA 

213

O 

rticles 
steps 

OH to 
eOOH 
he pH 
n the 

ed the 
ormed 
d with 
ing to 

 

f the synthes
mple C and d

                   

Figure 2

is results, a)
d) sample D.

       ISSN: 1

2. Black prec
permane

sample A; b
. 

1979-8415 

 
ipitation attra

ent magnet.  
 
 
 
 

 

b) sample B; 

 

acted by a 

 



JURNAL
Vol. 7 No
 

 

Figure 4. 
results, (Aw
and lengt
respectivel
particle siz
respectivel

 
 
Th

form of bla
precipitatio
distillated w
the water 
reaching th
Figure 2 th
placed into
permanent 
wall of the
then attra
magnet. 

Fig
TEM micr
results of 
respectivel
goethite 
particle sha
D are mag
spherical s
c, and d).  

Fig
particle siz
amount of
Sample B,
ratios of th
are (1:1), (
magnetic p
and 58 n
particle si
volume rat
NH4OH of 
bar with av

 TEKNOLO
o. 2  Februa

Particle size
w and Al a
th of part
y); B, C, an
ze of sampl
y.  

e reaction p
ck and jelly 

on was 
water for se

r was clea
he pH = 7. 
hat when the
o a glass 
 magnet was

e glass, the 
acted by 

gure 3 (a, b,
rographs o

samples A
y. Sample
compound 
ape. While s
netite compo
hape as sho

gure 4 ind
ze increases
f NH4OH o
 C and D w
e master sol
(1:2), and (1

particle sizes
nm, respect
ze of sam
tio of the ma
(2:1) seems

verage size o

OGI TECH
ari  2015 

e of the rea
re average 
ticle sample
nd D are ave
les B, C an

roduct was 
precipitation
washed 

everal times
ar in color 
It can be se
 precipitation
test tube a
s touching ou
precipitation
the perm

 c, and d) s
f the synt

A, B, C an
A, whic

has elon
samples B, C
ound have a

own in Figure

dicates that
s with incre
of the mix
where the vo
lution and NH
1:3) yielding 

of 26 nm, 4
tively. While

mple A with
aster solution
s to be elon
of (8 nm x 26

HNOSCIEN

214

 

action 
width 
e A, 
erage 
nd D, 

in the 
. This 
using 

s until 
and 

een in 
n was 
and a 
utside 
n was 
anent 

shows 
thesis 
nd D, 
ch is 
gated 

C, and 
almost 
e 3 (b, 

t the 
easing 
xtures. 
olume 
H4OH 
nano 

3 nm, 
e the 
h the 
n and 
gated 

6 nm). 

NTIA         

The synthe
and D a
Figure1, bu
observatio
sizes.The 
increasing
increasing 
explained 
crystal gro
Tartaj et a
are three
formation o
The first m

Figure 5.
uniform pa
single nuc
diffusion; 
and aggre
curve III: m
growth (Ta

 
nucleation 
growth by 
particles a
growth an
sub-units. 
be attained
growth. 

As
synthesis 
sample B 
master sol
a saturatio
In addition
B, C, and 
small coer
saturation 
superparam
Where, Su
intrinsically
easily mag

                IS

esis results 
are magnet
ut from the r
n showed 
particles siz

pH of th
of particle

by recourse
owth. As sh
al (2003) me
e typical 
of uniform pa
echanism is 

 
Mechanism

articles in s
leation and u
curve II: n

egation of 
multiple nucle
artaj, et al, 20

and follow
diffusion. S

re formed th
d the aggre
Third, unifo

d via multip

s shown in F
results in
with a vol

ution and NH
n magnetiza
, the sample
D have hyste
rcivity field b

magnetiz
magnetic 
uperparamag
y non-magn
gnetized in t

SSN: 1979-

on samples 
tite as sh
results of the

different p
ze increases
he solution.
es size ca
e mechanism

hown in Figu
entioned that

mechanism
articles in so
 single  

m of formati
solution: cu
uniform grow
ucleation, g
smaller sub
eation event
003) 

wed by un
Secondly, un
hrough nucle
egation of s
orm particles
ple nucleatio

Figure 6 and 
ndicate that
ume ratio o
H4OH of (1:1

ation of 43 em
es of raw ma
teresis curve
but they have
zation indi

characte
gnetic mate

netic but ca
the appearan

-8415 

B, C, 
ownin 

e TEM 
article 
s with 
 The 

an be 
ms of 
ure 5, 

there 
m of 
lution. 

 

on of 
rve I: 

wth by 
growth 
bunits; 
ts and 

niform 
niform 
eation, 
maller 
s can 
n and 

7, the 
t the 
of the 
1) has 
mu/gr. 
aterial, 
es with 
e high 
cating 
eristic. 
rial is 

an be 
nce of 



 
Figur

and

Fig
mas

 

JURNAL
Vol. 7 No
 

 

an externa
2010). The
with t
superparam
magnetic 
sample A 
low saturat
emu/gr) a
paramagne
superparam
higher 
compared s

 

re 6. Hystere
d NH4OH(l) 2

gure 7. (a) Co
ster solution 

 TEKNOLO
o. 2  Februa

al magnetic 
e particle in
the ap
magnetic 

nanoparticl
(goethite), h
tion magnet
nd it can 
etic ma
magnetic of 

saturation 
samples C a

esis curves o
0%) of A (2:

oercivity/Hc 
((FeCl2(l) + F

OGI TECH
ari  2015 

field (Faraji
n nanometer
pearance 
is known 
les (MNPs
owever, has
ization (Ms
be classifie
aterial. 

sample B 
magnetiz

and D, they a

of samples w
1), B (1:1), C

sand. Inse

and (b) Mag
FeCl3(l)) : NH4

HNOSCIEN

215

iet al, 
r size 

of 
as 

s).The 
s very 
= 0.3 

ed as 
The 

have 
zation 
are 43 

with volume ra
C (1:2) and D
et = enlargem

 
 

(a) 

netic saturat
4OH(l) 20%) o
iron sand sa

NTIA         

emu/gr, 3
respectivel
magnetizat
particles s
with supe
presence 
than a big 
size can 
magnetic d

 

atios betwee
D (1:3). Samp
ment of samp

tion/Ms of sa
of A (2:1), B 
ample. 

                IS

31 emu/gr, 
ly. The 
tion can b
ize, that sm
rparamagne
of a single 
particle size
be appeara

domains. 
 

 

n master sol
ple E is hyste
ple A.  

 (b) 

amples with v
(1:1), C (1:2

SSN: 1979-

and 32 em
high satu

be explaine
maller particle
etic property

magnetic do
e. The big pa
rance of m

 

lution ((FeCl
eresis curve 

volume ratios
) and D (1:3

-8415 

mu/gr, 
uration 
ed by 
e size 
y with 
omain 

articles 
ultiple 

2(l) + FeCl3(l)) 
of the iron 

 

s between 
). Raw/E is 



JURNAL TEKNOLOGI TECHNOSCIENTIA                         ISSN: 1979-8415 
Vol. 7 No. 2  Februari  2015 
 

216 
 

CONCLUSION 
Nano magnetite compound as 

superparamegnetic material has been 
successfully synthesized from iron sand from 
South Coast of Yogyakarta using co-
precipitation method. The synthesis process is 
influenced by pH level of the solution. The 
results of magnetic properties testing show 
that the highest Ms of 43 emu/gr is achieved 
when the pH of the process is 8. The smallest 
particle size of 26 nm of the magnetite is 
attained on sample B (volume ratio between 
master solution (FeCL2+FeCl3) and NH4OH = 
1:1) and can be classified as Magnetic 
Nanoparticles (MNPs).  
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