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Abstract

At present, synthetic oxides and oxyhydroxides in the form of pigments, adsorbents, and magnetic carriers are widely
used in industry. This is due to their non-toxicity, chemical stability, durability, a wide variety of colours and low cost.
The properties of the obtained pigments are determined primarily by the dispersion of the obtained product and its
phase composition, specific surface of the powders. The problem of improving the quality of the final product is
mainly a technological problem and it can be solved by improving the technological stages, especially precipitation
and oxidation.

In this work, the dependence of the phase composition of the products on the synthesis conditions is investigated.
Oxyhydroxides and ferric oxides are synthesized by oxidation ferrous hydroxides obtained by precipitation. Air was
used as an oxidizer of FeZ + ions. The study of the influence of synthesis parameters on the precipitation of a-
oxyhydroxide nanoparticles was studied by the experimental design method. Particles with a different form factor
and specific surface were formed depending on temperature, initial concentrations of salt and precipitant, air flow
rate.

It has been established that the concentration of iron(II) sulphate has a decisive influence on the particle size of a-
FeOOH and its specific surface, to a lesser extent on the concentration of sodium hydroxide and rate oxidation.

Key words: iron oxides; precipitation; oxidation; pigments; a-oxyhydroxide.

BII/IMB PI3BHHUX ®AKTOPIB HA CUHTE3 a-OKCUTIAPOKCHAY ®EPYMY

Jlinist A. ®posioBa, TeTsiHa B. [pusneBa

ABH3 «Ykpaincbkuil ximiko-mexHoo2iuHull yHisepcumem»
AHoTarniga
B panuii yac cunreruyHi ¢pepym(IIl) okcuau i okcuriazpokcuau y BUT/IsiAi nirMeHTiB, aAcop6eHTiB i MarHiTHUX HOCIiB
IIMPOKO BHMKOPHUCTOBYKWTbCA B HNPOMHCJIOBOCTI. Lle moB'A3aHO 3 iX HETOKCHUYHICTIO, XiMiYHOI0 CTa6i/JbHICTIO,
JAOBroBIYHiCTIO, LINPOKUM PO3MaiTTAM KOJIbOPiB i HU3bKOI0 BapTiCTIO.
ByiacTUBOCTI OTpMMaHUX MNirMeHTIiB BM3HA4alOThCH, Nepll 3a BCe, JMCIEPCHICTIO OTPUMAHOr0 NPOAYKTY i ioro
da3oBuM CKJIaA0M, TUTOMOIO IOBEpPXHEI0 NOpouKiB. [Ipo61eMa niABUILLEHHA AKOCTi KiHIIeBOr0o NPOAYKTY € nepul 3a
BCe TeXHO0JIOTiYHOI0 MP06/IEMOI0 i MO)ke GyTH BHMpillleHa IIJIAXOM NMOKpPAaIlleHHs TeXHOJIOTIYHUX cTajiii, 0c06IMBO
0Ca/J)KeHHs i OKHUC/IeHHA.
Y paniit po60Ti AocaigkeHa 3a1eXHicTh ¢pa30BoOro ckjiajy NpoAyKTiB Bif yMoB cuHTe3y. OKCUTiAPOKCHAH i OKCUAM
3aJ1i3a CMHTe3yBaJIu okucjaeHHAM ¢epyM(Il) rizpokcuay, orpumMaHoro ocajkeHHsM. B skocTi okucoBaya ioHiB Fe2+
BUKOPHCTOBYBABCA NOBIiTps. MeTOJ0M IUIaHYBaHHA eKCIIepUMEHTY BUBUEHO BIIMB NapaMeTpiB CUHTe3y Ha Nponec
YTBOpPeHHs HAaHOYaCTHHOK O-OKCUTigpokcuja. YacTMHKM 3 pisHMM ¢opM-GakTopoM i NMHMTOMOI0 NOBEPXHEID
dopmyBasiMcs B 3a/1€2KHOCTI BiJ, TeMnepaTypHu, BUXiAHUX KOHIeHTpauii cosi i ocajKyBaya, IIBUAKOCTI mojayvi
NnoBiTps.
BcraHoBJIeHO, 0 BUXiAHA KoHLeHTpanisa ¢epym(Il) cynbdaTy Mae cyTTEBMHA BIVIUB HA po3Mip YacTUHOK o-FeOOH i
MOro NUTOMY NOBEPXHIO. Y MeHIUi# Mipi BIVIMBa€ KOHIeHTPaLis riApoKCUAY HATPil0 i IBUAKICTh Mojgadi moBiTpA.
Karuosi cnosa: depym(111) okcuan; oca/pkeHHsl; OKMC/IEHHS; TIrMeHTH; O.-OKCUTiAPOKCHU/L.
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BJIMAHUE PA3/IMYHBIX ®PAKTOPOB HA CUHTE3 a-OKCUATUAPOKCHUJA KEJIE3A

Jlunus A. @posioBa, TaTbsiHa B. 'puiHeBa
I'BY3 «YkpauHckuii 20cydapcmeeHHblll XUMUKO-MeXHO102Uu4eCcKUll yHU8epcumemy»

AHHoTalus

B HacTosAlee BpeMAaA CHHTETHYEeCKHEe OKCHAbl U OKCUTHAPOKCHABI KeJie3a B BHJA€e IUIMEHTOB, a,qcop6em'on 51
MarHMTHBIX HOCHTeJel HIUPOKO HMCHOJBb3YHTCA B HNPOMBINIJIEHHOCTH. 3TO CBfA3aHO C HX HEeTOKCHYHOCTHIO,
XHMHYECKOM CTaGH.IIl:HOCTb]O, AOJITOBEYHOCTbHIO, HINPOKHUM p33H006pa3HEM IIBETOB U HHU3KOM CTOUMOCTBIO.
CBoiicTBa NOJIYYEHHBIX IMTMEHTOB ONpeAe/IAITCA, IpeXje BCero, AUCNEepCHOCTbI0 NMOJIYY€HHOI'0 NpoAYKTa U ero
(l)aBOBblM COCTaBOM, yAEHLHOﬁ NOBEPXHOCTHIO NMOPOIIKOB. Hpoﬁnema NOBbIIIEHUA Ka4Y€CTBA KOHEYHOro npoayKra
ABJISETCS B OCHOBHOM TE€XHOJIOTHYECKOMH HpOﬁJIEMOif'I M MOXKET ObITh penieHa nyTeM yJaydvleHUuda TeXHOJIOrn4e CKUX
CTaﬁlPlﬁ, 0COOGEHHO O0CaAXKAEHHUA U OKHCJIEHUA.

B AaHHOﬁ pa60Te HccJieJ0BaHA 3aBUCUMOCTDb (1)a3030r0 cocCTaBa NNIPOAYKTOB OT yc.)'lOBlflﬁ CHUHTeE3a. OKCP[Fl/IﬁlpOKCI/IALI
U OKCH/ABI XKeJjie3a CUHTE3UPOBAJIUCh NIYTEM OKHCJIEHHUA THAPOKCHAOB JKeJjie3dd, NOJIYY€HHBIX O0CAXKAEHHEM. B
KayecTBe OKHCJAUTEJNss MOHOB FeZ+ mcmoJib3oBaJicAa BO34yX. METOAOM IVIAHUPOBAHUSA 3KCIIEPpUMEHTA H3Yy4YE€HO
BJ/IMSIHUE NIApaMETPOB CHHTE3ada Ha nmpounecc oGpasonaHml HAHOYACTHUL], O.-OKCUTHAPOKCHAA. qaCTPH.U:I C pa3/IMYHbIM
dopm-pakTOopoM U yAe/ibHON NOBEPXHOCTbI (POPMHUPOBA/INICH B 3aBHCHMOCTH OT TeMIepaTypbl, HCXOJHbIX
KOH].IEHTpa].ll/Iﬁ COJIM 1 0cajuTeJid, CKOPpOCTH NoAa4Y4 BO34yXxaA.

YcTaHOBJIEHO, YTO MCX0AHAA KOHIeHTpanus cyabdarta xese3a(ll) okaspiBaeT cyliecTBeHHOe BJIUsAHUE HA pasMep
qactun a-FeOOH u ero yaeibHy10 NOBEepPXHOCTh. B MeHbIIel cTeneHN KOHIleHTPaLusa ruAPOKCHAA HATPHS U CKOPOCTh
nmojga4yu BO3Ayxa.

Kawuesvle caosa: OKCH/bI meﬂesa(lll); OCaXKJeHue; OKUCJIeHUEe; IMT'MEHThI; O.-OKCUTUAPOKCHU/,.

Introduction it possible to obtain goethite particles with the

Currently, iron oxides are commercially maximum form factor.
represented by a large group of pigments. This is
due to their non-toxicity, chemical stability,
durability, a wide variety of colours and cheapness
[1-4].

There are many studies devoted to various
methods of obtaining of goethite, magnetite,
maghemite, hematite [3-10], described in
literature. Such pigments are used in the paint and
varnish industry for the production of various
enamels, primers. They not only determine the
coating colours, but also affect their technological
characteristics.

The iron oxides, commonly used as pigments,
are coloured in black, red, brown or yellow. A
special place is occupied by a group of iron oxide
pigments in the yellow-orange colour scheme
(goethite, acaganéite, ferrohydride). The
properties of the resulting pigments are
determined primarily by the dispersity and phase
composition of the product obtained [11-14].

The problem of improving the quality of the
final product is mainly a technological problem
and can be solved by improving all the processing
steps (sedimentation, dehydration). So, achieving
the necessary developed surface, necessary
particles shape and powder phase composition is
determined by the technological mode selection
[15-21].

The establishment of the basic technological
regularities in the synthesis of the dispersed
systems  with  crystallographic  particles
anisotropy, as well as shape anisotropy, will make

Experimental Section

The pigments were obtained in the laboratory
facility by precipitation from the standard
solutions of iron sulphates with caustic soda. The
precipitation was conducted in a three-necked
flask.

The flask was set on a hotplate equipped with a
mercury thermometer and a water refrigerator.
During the experiment the required amount of
metal sulphate necessary for the experiment with
a concentration of 0.5 mol/l was placed in the
three-necked flask; different amounts of sodium
hydroxide were added and the mixture was
stirred with a magnetic mixer.

During all the experiment nitrogen was added
into the flask and the temperature about 30-45°C
was supported. The value of pH was measured
with a pH-meter.

At the moment when the temperature and pH
of the medium reached their nominal values, the
mixing was stopped. Then compressors were
connected to oxidize the mixture with oxygen. The
oxidation time was 1.5-2 hours. The mixture was
filtered, the resulting paste was dried and ground.
The filtrate was analyzed for the presence of
cations and OH-groups according to the known
methods. 3 parallel experiments were conducted.

The influence of different principal variables:
concentration of FeSO4, concentration of NaOH, air
feed rate and temperature were investigated using
factorial matrix ((2k! k being the number of
factors; k = 4). In this case, a half-replica type was
used to plan the fractional factorial experiment.
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The plan was given by the generating relation x4 =
x1-X2.The coefficients of the model were calculated
using the half difference between the arithmetic
average of the response values when the
associated coded variable is at level (+1) and
the arithmetic average of the response values
when the associated coded variable is atlevel (-1).
The experimental range investigated and the code
values are shown in Table 1.

Table 1
Experimental range and levels of chosen variables
Fact Name Units  Levels
or High Low Middle Interval
D (=1 (0)

X1 C(FeS04)
X2 C (NaOH)

mol/l 10 03 065 035
mol/l 15 05 1.0 05

X3 Air feed ‘mint 50 5 27.5 22.5
rate

X4 Tempera- °C 45 30 375 7.5
ture

Results and discussion

According to preliminary experiments, the
main technological factors that influence the
shape, size and morphology of goethite particles
are the concentration of ferrous sulphate, the
concentration of sodium hydroxide, temperature
and air feed rate. To determine the limits of these
factors changes, which affect the product output
with the maximum particles anisotropy, an
optimization of the experimental statistical
mathematical model was carried out. This model
was constructed using the results of a series of
experiments implemented according to the plan
for a full four-factor experiment.

As a limiting conditions were chosen the
following values of factors (Table 2).

‘L-_“_-ﬂ_'_‘_‘ﬂb—-—-_._‘______‘_‘
9,7

Table 2
Experimental matrix and responses for the factorial
design

X1 X2 X3 X4 Y1 Y2

+ + + + 3 63
- + + - 9.6 39
+ - + - 4.5 52
- - + + 11.1 42
+ + - 4.7 62
- + - - 11.8 38
+ - - - 6.9 52
- - - + 14.1 40

As the response functions the form factor value
(Y1) characterized by the shape anisotropy and the
specific surface value (Y:) were chosen. The
calculation of the equation coefficients,
determination of their significance, verification of
the model adequacy were performed by means of
the program STATSGRAPHICS 10.0.

The dependence of the form factor value on the
above factors is adequately described by the
equation:

Y1:1254 - 9.01X1— 0.79X2+3.86X12+1.5X1X2

In Fig. 1. the dependence of the form factor
from the independent variables is presented: iron
(II) sulphate concentration and sodium hydroxide
concentration.

The greatest influence on the particles habitus
is exerted by the ferrous sulphate concentration.
With its increase the length of the particles is
decreasing.

The concentration of sodium hydroxide acts in
the same way.

In the investigated range, the largest value of
the form factor is attained at the points x; = 0.3
and xz = 0.5.

—+—C(FeS04)=0,3M
—=—C(FeS04)=0,45

C(FeS04)=0,55 M
C(FeS04)=0,7M
—+—(C(FeS04)=0,85M

Formfactor
]
)
J

—o—C(FeS04)=1 M

82
|
__,_Ab-—"‘(_.,r/
?'7 ‘y__."‘.'“—‘
05 a7 0,9 1,1 1,3 1,5
C(NaOH), M

Fig. 1. Dependence of the form factor value on the concentration of sodium hydroxide
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f\ —+—C(NaOH)=0,5M
97 i\ —=— C(NaOH)=0,7
—+— C(NaOH)=0,9M
C(NaOH)=1,1M
9,2
——C(NaOH)=1,3M
S —s—C(NaOH)=1,5M
=]
£ g7
3
[=H
8,2
7,7 .
0,3 05 0,7 0,9
C(FeS04),M

Fig. 2. Dependence of the form factor on the ferrous sulphate concentration

To verify the results of the calculation of the
experimental statistical model, an additional
experiment was carried out. At these levels of
factors, the value of the original variable, which is
in good agreement with the theoretical model, was
obtained.

The dependence of the specific surface value on
the above factors can be adequately described by
the equation:

Y;=6.74 - 3.26x1 + 8.93x2 + 0.128x3 + 0643x4 +
+ 26.87x12-0.002 1X32 - 7.475X1X2

In Fig. 3, 4 the dependence of the specific

surface on the independent variables is shown: the

concentration of ferrous sulphate and the
concentration of sodium hydroxide.

The greatest influence on the specific surface is
exerted by the concentration of ferrous sulphate.
With the increase of the ferrous sulphate
concentration the specific surface area increases
too. With the increase of sodium hydroxide
concentration, the specific surface area decreases.
In the investigated range the maximum value of
the specific surface of goethite was reached at the
point x1= 0.9 and x, = 0.5. The use of caustic soda
of higher concentration leads to the formation of a
mixture of goethite and magnetite.

———
P____..._-—lk———.—'_"‘
58 . ——C(FeS04)=0,3M
—8—C(FeS04)=0,45
. —+—C(FeS04)=0,55 M
) e ( )
w53 e C(FeS04)=0,7M
= % —#—C(FeS04)=0,85M
:, —o—C(FeS04)=1 M
% 18
@ 43
1._,_..--—-"""_ r_'—’/',.-""'
38 3
0,5 0,7 0,9 1,1 1,3 1,5
C(NaOH), M

Fig. 3 Dependence of the specific surface area on the concentration of the sodium hydroxide (temperature 30°C
effective air supply rate of 45°C)
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The initial concentration of ferrous(II) sulphate
has the determining effect on the particle size and
its specific surface. The concentration of sodium
hydroxide has a lesser effect, as well as the pH of
the start of oxidation and the rate of oxidation. It
should be noted that the use of the caustic soda of
a high concentration leads to the formation of
magnetite. The temperature also has a great

influence on the phase composition of the final
product.

It is obvious that the temperature of the
oxidation in the range 35-45°C has a significant
effect on the course of the oxidation and the
formation of a new phase. In addition, the X-ray
analysis confirms the presence of the impurities of
magnetite in the goethite obtained at a high
temperature.

. /' ——C(NaOH)=0,5M
—=— C(NaOH)=0,7
—— C(NaOH)=0,9M
w0 C(NaOH)=1,1M
& cg ——C(NaOH)=1,3M
o / —o—C(NaOH)=1,5M
[1-1
% S 4
W 43 r/-/’/‘/'/
38 3
0,3 05 0,7 0,9
C(FeS04), M

Fig. 4. Dependence of the specific surface area on the concentration of ferrous sulphate (temperature 40°C,
effective air supply rate of 10 min-1)

Fig.5. SEM micrograph of goethite powder

In Fig. 5 the photomicrograph of a powder of
goethite obtained under the following conditions:
C(FeS04)=0.3 mol/], C(NaOH) = 0.5 mol/l], t = 30°C,
W =45 min-! is shown.

The SEM micrograph of the goethite product
(Fig. 5) showed that the formfactor was 10. The
particles of bright yellow goethite were needle-
like in shape and fairly monodispersing.

The XRD analysis of the powder showed the
goethite to be the main phase. The slight
broadening of the XRD lines (Fig. 6) may be due to
the poor crystallinity and small particle sizes.



66

Journal of Chemistry and Technologies, 2020, 28(1), 61-67

2000 A
1800 4
1600 - —
=
=]
1400 = =
= =
1200 = =
=1 —_—l ——
T -
1000 2= 9o
VI
800 - — = = O D= =
T T S — -
S|z < SS=55358 =
600 = =1 T— 22w ® @ o
& =] SN g eEs 2 o282
400 - 5 & P, LT eag
= =| EE T 2 s2=s3
=0 -Ww J i - T :‘ il
0 L] L] L] L] L] L] L] L
10 20 30 40 50 G0 7O 80 20
Fig.6. X-ray diffractogram of goethite powder
Conclusion The experimental data shows that with the

The determining effect on the size and specific
surface of the a-FeOOH particles is exerted by the
concentration of iron(Il) sulphate. To a lesser
extentitis affected by the concentration of sodium
hydroxide, as well as by the pH of the onset of
oxidation and its rate. It should be noted, that the
use of caustic soda with a high concentration leads
to the formation of magnetite.
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