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Synthesis of Goethite with solution oxidation method
in the laboratory scale
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Eghdam Talab
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Technology, Tehran, Iran

Research subject: The pure Goethite nanoparticles were synthesized
successfully with solution oxidation method and by using raw materi-
als Iron (II) sulfate heptahydrate (FeSO,.7H,0) and sodium hydroxide
(NaOH).

Research approach: In this study, the simulation of experiment was
implemented by Minitab software, with complete factorial method, at
40°C, the variation of two parameters including the flow rate of entered
gas in the solution reaction (Q) and mass percent ratio of raw materi-
als (R) (mass percent of iron (II) sulphate to mass percent of sodium
hydroxide), in two levels (Q=2 and 13.3 Lit/min) and (R=1 and 3) were
evaluated. The qualitative analysis of results was performed by X-ray
diffraction (XRD), synthesis of Goethite phase (a-FeOOH) confirmed
Iron oxyhydroxide and the Energy-dispersive X-ray spectroscopy (EDX),
illustrated that the synthesized Goethite has high purity percentage
(299.8%). The field emission scanning electron microscopy (FESEM)
for Goethite reported a bar-shaped crystal structure, with an average
particle Cluster size between (23-43nm), based on R and Q and by an-
alyzing the oxidation-reduction potential(ORP) results, it was seen that
the reaction time of Goethite formation is between 635-2210s.

Main results: The statistical analysis of results with Minitab software
can create Correlation relations for Goethite, between two parame-
ters(Q and R) and two response (reaction time(t) and average particle
Cluster size(d)) at the temperature of reaction solution 40°C. regarding
the relations, it was seen that at the temperature of reaction solution
40°C, with an increase in air flow rate(Q) and decrease of the mass per-
cent ratio of raw materials(R), the reaction time and average particles
Cluster size of Goethite decrease generally and vice versatile. Also, the
percentage change (R) has a higher impact on average particles Cluster
size and reaction time than changes (Q).
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Table 1. Design of experiment for research, for synthesis goethite

Variant Parameters Stable Parameter
Sample
Number Air flow Mass percent ratio Temperature
Q (Lit/min) of raw materials (R) T (°C)
S-1 13.3* 1
S-2 2% 3
40
S-3 2 1
S-4 13.3 3

FomRgR 5 saoolaw! Lglj.db G A 9 drdon O‘?S
*Maximum and minimum power for air pomp in the research
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laboratory)

Y ok o ooh i 69 Gl g (ol Ay o (SARg R (ol anlibad


https://arcpe.modares.ac.ir/article-38-58525-fa.html

[ Downloaded from arcpe.modares.ac.ir on 2024-12-12 ]

IO JUT RV {2 PY FROW L gy E

S e 9= 6k Lo Jsl—w Jemudly = B,
(=S5

J5Jw) O)LMLMM‘ J L‘" = Eocell

(AIYYFEYY JK'mol ) L(a)lf (o9 coli =R

(nolS sy 3llas glos =T

L ple o9 sSdl Jge 2oL olieedsol) b coli =F

(A/FEAOY A xV T Cmol )

u\_‘BlS_‘!)_' Ql—l)? ° aS cel @LDQLJS.” sloass =n

‘.A_J.Q\)GA UA_.S|5
atoles) adsl olye o lalé ay oYgame o lile =Q
(V-
aA+bB cC+dD - Q=([c[c [DI[)/([Al* [BIY)
)

L aS = =l dn oyls uSe alal,ORP L pHe

J_...JL.J [BL el su‘)_....u ;.\_;5) u_a‘ 3 pH )l L5‘°)l—‘ B
),._m.».: XTIy J_a‘5.c o= s(d.n.\_w ‘f:L».lS Ja_.m) Yl_,
u_ul.u pH)\b 9 | ‘ro...a ORP )‘J_CLA (K] 5\))|Q Sg—>>9
WORIP N VEL S VIV 3 I SN PP (VIR IO VW) B S |
Ive g ¥l coul i ORP Jlacie ol plis sl g

7

ol=b ol (et yg—Liko 4 ORP Ls 1505
:&-&5‘3
Lagiolesl jo 4z S &5 o olond Lo STy o
IVEYY] (A 10 a¥olwe) o le
FeSO, + YNaOH — Fe(OH)_ + Na SO
()
¥ Fe'(0-"H), + 0, > f Fe'0" (O"H) + Y H O™
*)
¥ Fe' - f e - f Fe!"
)
0@ +fe - Y O
M)
5 oo—ls ool (Fe(OH)Y‘ B uSly o a s
el s ST sosls (0)5nS]
Caly sl Lo (ORP) malS- islLST il o
00 S T lgs ay o 00ialS Blgo g 45
e ol =l g Sl ool as ot o
ity (e
59 oaalS sleo Cod (Bl i oy ol S
Sl (9 8 oaind Jodone g sl ity Jodore
G 2Bl Cdie azlg ] 15 g (auS Lt sl
Jsze g cul g in Jedmoe 0 soSa ST ols o
Lv8o¥ 0l (easS oS ily) cul 9,5l 00 o5

ool - ol ST il ln jloges gy slao @
el (1) (Nernst) e s 3 4 Joles ulwl , 5 «(ORP)

(LoluST o sSTy)

YA gV
Cxa@BE T BB RTFINQ  (alS ok il
(XRD) (50! 5 3y (01 gl V- @
-1 N g "'E‘I S2

J‘ﬂ\lj\

JCPDS No: 01-081-0462
Goethite (u-FeQOOH)

JCPDS No: 01-081-0462
Goethite (u-FeQOH)

i . T ST ] | I Hal [T BT
: Position [“2Theta](Copper(Cu)) N I:nili.«m ["":1‘1']1‘.t‘1.|[t'0:pcl'(('ll})
50 o g b= S-3 g I ) -4
8 T g 8 = 28| 8 g
NS a8 “" l 28
A MR LA = VO A
(i VAL o/ N A, ALY ubm
‘ JCPDS No: 01-081-0462 ‘ JCPDS No: 01-081-0462
10000 ‘ Gocthite (0-FeQOH) | | | Goethite (u-FeOOH)
. _ . S UUPTI
tU n E] L] £ 0 " o]

Position [“2Theta(Copper(Cu))

l‘n - 0 o
Position [92Theta](Copper(Cu))

o aigei XRD) LSSl 5355 ol ols ¥ S
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Figure 3. The results of Energy dispersive X-ray spectroscopy (EDX)

(FO-Y+ °C) oy slod 3l e alls o g8 o dgi g Laes
Ivy ool o Ope—elienS| 5 (Ary] sg—i oo oolil
sladised) Lagiole)] cles ol (iagyy o JLo
59 oo alsul F+ °C sloss ;3 (S-F 5 S-T S-¥ S-)
solicl (ID(FeSO,) (b bgs (ol s5l> ool sins
oh boas pH=\f ‘r‘us ‘Ia—“: ~ NaOH Lsool_avw-u )‘
Wil 090 4 ls oo Lhas (e asg L
lya Lias L oaabnl Lo ialesl s ol sl [¥7]
STy Jgdome 50 o gl Jgdoee 50 4

oo oaly lid ¥ S b 04 S o bles 0

sla bl —oles a5 ol L3 XRD s ol
i gl yial)lb Ly g Fe °C glos jo oo sl ol
oy S )d Coad 9 (Q) g2 0 Ol ) el
S i d e Ned (LB (R) a gl olg—s
NP 3 | ) IRC PSRN VIR SRS JUR X 5
Gitgi 5o edpll slagilel bl o 5kai o
Lol s sl a5 g oSt Ll L
ool a5 adls c5ss LSi5 5 i
@hls 8 b el o )le (Fe™) )b
S Led a2 a5 (V=¥ °C) )0 sl «(=pH YY)
ol iy el s S el atl
3] VR SPRLAIPS - W D [ W FO- S W N )

b o (EDX) (oS0 550 (5351 (ST (omiw il gl ¥ JSCs

Figure 3. The results of Energy dispersive X-ray spectroscopy (EDX)

Compound and | Percent | Percent | S= percent | Impurity | Total percent | Total percent of
Sample | mainelements | of (Fe) | of (O) | ratio of percent of | of impurities | local purity of
in samples % % (Fe/0) samples, | (%) samples (%)
Stan- .
Goethite (Fe, 0) | 63.57 |36.43 | 1.744 0 0 100
dard
S-1 Goethite (Fe, 0) | 67.4 32.5 2.074 Na:0.1% | 0.1 99.9
S-2 Goethite (Fe,0) | 71.8 28.0 2.564 Na:0.2% | 0.2 99.8
S-3 Goethite (Fe, 0) | 67.5 324 2.083 Na:0.1% | 0.1 99.9
. Na:0.1%
S-4 Goethite (Fe, 0) | 62.1 37.7 1.647 S :0.1% 0.2 99.8
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Figure 4. The pictures of field emission scanning electron microscopy (FESEM) from samples with magnification of

(a) 50000 and (b) 100000X
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.. . The maximum The average

The minimum parti- . .
Samples . particles particles cluster | Compound

cles cluster size (nm) . .

cluster size (nm) size (nm)
S-1 13.416 35.111 23.260
S-2 23.570 64.982 43.140 Goethite
(a-FeOOH)

S-3 16.734 43.725 29.306
S-4 19.653 43.705 28.923
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Figure 6. Section of oxidation-reduction potential of samples, for determining the reaction time
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Table 4. The reaction time of samples (determined with ORP based on time)

Sample number | Reaction time | Total number of ORP recorded data based on
t(s) £ 20(s) time, by instrument, for plotting the curve
S-1 635 811
S-2 2210 2818
S-3 1240 1360
S-4 1215 1446
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Figure 7. The plot of complete trend of oxidation-reduction potential change (ORP) in sample S3-, from the beginning
to the final process of the experiment
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Figure 8. The oxidation-reduction plot (ORP) (H) and soluble oxygen(DO) (A) in terms of time, in the experiment
with oxidizing solution method and with precursors of NaOH and FeSO4, by Encina and coworkers [20]
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Table 5. Summary and categorization of research results

Variable parameters Responds
. The average Local Type of
Temperature Mr:tsisolz)efrrc:xt Air flow Thelseasm- e trifjgtmn particles purity of | synthesized st(i"lzcsttlie
(°Q) materials Lit/min mf'mber t(s) + 20(s) cluster size products material of product
= (nm) (EDX) (%) (XRD) P
Q=13.3 S-1 635 23.260 99.9
R=1
Q=2 S-2 2210 43.140 99.8 Goethite Bar-
40 (a-FeOOH) shaped
Q=13.3 S-3 1240 29.306 99.9
R=3
S-4 1215 28.923 99.8

Ol ools 3L Y CE IR P CEY LR
S—8lp i o d Jgaz 5l 5Ls 050 (oS slwosls
Slp 5505 510 I VF S5 can Loy, oy le s
Ao oo plazd |y sa s

S Lulgy V-5

BN 9 V¥ .laalj) ‘_;‘Q)S.Lo.c &.MLMO 6°)l)

T=¥-oC ) <R<Y,
[EFORR }—' [Y(ﬁ)ﬂQsmv%

5 B gatai 5,1, ORP Jaie 900, 5 a_dé woals
Lo, oV Sl 0 Calass o apo i8I C galags
Fe(OH), salawlg ool g FeSO, (sosls jiy jlobe JS
M‘GQJ_SJ_.A)_MA_JJ_AU—‘U_]G.&joJ_Wd)_.AA
S (Y e s (CFe(OH)\'—)‘ 9Cresos ™)
o oS e (V<n) cwl Sl 55 0 STy
dds amy Sy oo 58T (B0 315 AV 05 e
Sy o0 09> elil g les Jlase an (1 B as pue
oo oslo lis ¥ JSi yo 4 S 1€ atass 1o d o] Y]
g8 S b o Sl 4 il galads Qlyd—‘wl
20y S 18Ty ol ples Olse Ol ol
=l STy Ll Gl oV JSl) S-Y asges i lo)]

Fo-S<t<YYL-S
— >
} [ Y¥om <d < f¥om

t =22.73599 - 0.173496* Q + 7.64010* R - 0.361549* Q * R 0%
d =827.56637 -36.28319*Q + 519.51327*R - 17.25664* Q * R (0)
d= .L).Sa\.:-g.gqm \-_gojl..u‘] Ja_..sg.“..a (nm), Q = uL:ij Jgj:m o 0dl odaas 5|9.ra s (th."mln) .
Y .
t= 2515 ohb oles (), R= gl dlge ayzr oy o = %s)
=" naon

o bl y 10905 Y-F-Y
Gl s 0 A 5 VW (Ko Laly ;) Lo logal
Sl oo ooly las Ve 94
Vos R slaSet 510 5 VY (Ko Ly, a4z L
FeoC loo jo Jolmo oygummlocnST (g, 0 o conlin
9oy S (alS 5 (Q) 2 (o al)ly 238l L
Sly 0Ll pley sl 9 2 (R) adgl olyo (o>
ol oo el CsS O Sa e game gojlol Lagie g
5 PYO8) STy olok pley G fpS 45 (5)9—b

Csy ol b sty WYes) L el
et pie JJods a4y € aladi )i D gatass
9 c\Lu‘j L_Sb\bl_a suoél.ad;.,.‘.? o lale Be) o¥9 oo
Syae pae by oLl Jdoas o Jodoe (5 ST (l5e
=35 (ORP) Lzals- ol ST L ily jlade wly
DS oo b |y il a9 el 00, SO e JB
=0 =t ol )l e (S—nod sslg, £V
olee) (sE—wl Ly (o0, 00 )0 Cumui g I5—2

©lydacgomo gojlasl wgio g STy Ly

rorly — (oo (it 3,5 Sl Ao (sl 4y o (LA oole allad | &


https://arcpe.modares.ac.ir/article-38-58525-fa.html

[ Downloaded from arcpe.modares.ac.ir on 2024-12-12 ]

sl i1 g, b sS sii

t = Reaction time (s)

Salt to Soda ratio w5
o

R=

—_
[&)]

2 4 6 8 10
Q = Air flow rate (lit/min)

FeoC i glod 4o ouisS (iSTs Ll Gloj b (soym duoyd o g lsp (00 sl il )l o (Son alal) Jloges 4 IS
Figure 9. The correlation plot between air flow and mass percent ratio, with reaction time of goethite in synthesis
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