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Abstract: Goethite, a-FeOOH have various applications such as absorbent, pigment and source for magnetic
materials. Goethite particles were synthesized in a two step process, where Fe(OH), were synthesized in nitrogen
atmosphere using FeSO, as a raw material in the first process, and after that acicular goethite particles were
obtained in an air oxidation process of Fe(OH), in highly alkaline aqueous solution. Their phase and
microstructure were investigated with XRD and FE-SEM. It was found that the morphology of goethite and the
ratio of length-to-width (aspect ratio) of acicular goethite are dependent on the some factors such as R value
(OH/Fe™), air flow rate and pH conditions. In particular, R value has the strongest influence on the synthesized
goethite morphology. It is considered that the optimal value R is 4.5 because X-ray diffraction peaks of goethite
have the highest intensity at that value. Morphology of goethite particles was controlled by air flow rates,
showing that their size and aspect ratio are getting smaller and decrease, respectively as air flow rate increases.

The largest goethite particle obtained is about 1,500 nm in length and 150 nm in diameter.
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Fig. 1. Synthesizing process of goethite particles.
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Fig. 2. Schematic diagram of the apparatus for synthesis of
goethite particles.
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Table 1. Synthesizing conditions of goethite particles: R= 1,
4.5, and 9.

R NaOH FeSO,7H,O Air flow rate Reaction
(OH/Fe*") pH (mol) (mol) (ml/min) time (hr)
1 72 025 0.2144 100 24
45 13.0 1.0 0.2144 100 24
9 122 20 0.2144 100 24

Table 2. Crystallite sizes of goethite particles: R = 1, 4.5, and 9.

R(OH/Fe™") R1 R4.5 R9
Cu wavelength(Ang)  1.54056  1.54056  1.54056
Peak width(FWHM) 0.37211 0.32798 0.36129
Peak position(degrees)  21.0331 21.08585  21.14035

Crystallite size(nm) 22.69 nm 2574 nm 23.37 nm

Table 3. Synthesizing conditions (reaction time, air flow rate)

of goethite particles.

Time(H) 6 H 24 H
R= 4.5 . 500 cc/min. 500 cc/min.
Air flow rate
100 cc/min. 100 cc/min.
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Fig. 3. XRD patterns of goethites synthesized at three different

R-values.
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Fig. 4. Crystallite sizes of goethite particles: R= 1, 4.5, and 9.

Fig. 5. FE-SEM images of goethite. (a) R= 1, (b) R= 4.5, and
(¢) R=9
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Fig. 6. XRD Patterns of goethite particles synthesized at four
different conditions (air flow rate, reaction time).
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Fig. 7. FE-SEM images of goethite particles synthesized at four
different conditions (reaction time, air flow rate): (a) 24 H, 100
cc/min., (b) 24 H, 500 cc/min., (¢) 6 H, 100 cc/min., and (d) 6
H, 500 cc/min.
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Fig. 8. XRD pattern of goethite at four different conditions

(reaction time, air flow rate).
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Fig. 9. FE-SEM images of goethite particles synthesized at four
different air flow rates for a reaction time of 24 hours: (a) 10
cc/min., (b) 50 cc/min., (¢) 100 cc/min., and (d) 500 cc/min.

Table 4. Aspect ratio (length to width ratio) of goethite

particles synthesized at four different air flow rates.

Air flow rate Length Width Aspect ratio
(cc/min.) (nm) (nm) (L/'W)
10 800~1,500 100~150 8.0~10.0
50 650~800 60~150 5.3-10.8
100 400~750 60~100 6.7-7.5
500 400~500 60~80 6.3-6.7

99] Fe-SEM image &4 Aytz =t
a) 10 cc/min (24 Hour) £71oA UAR=

Jg = 557

71 3A UERECoH (d) 500 cc/min (24 Hour) &7
oM 7HE A2 AAE dUH. Est (d) 2ES AR
ARISo] 21 9l SEfst U]-O]—OD:] a2 olsf &
rod FEfQ] goethiteS ArotH7]| § 4
Zo|ot =9o] YH#R|Q} ratios E 40 AFlstA

Fe-SEM imageS &3 ¥& stix =d "Ji} =4
71004 (A Z71e 7V 2 aFELR UEEen et
Atel 29171004 /" goethite UAM= AA 3717}
Aot Ae & & Ao

S ®E 404 HolRo] FHY|E FAadE HEU
C}. Goethitex= 7\} I 24 Wo| #o|y E3], 1%
o] AXSIET} =& goethiteS Y2 dH= AR
m2to] Eo] AL 7]% TF YRS 7HRl= H2olE
sl Ap7] o]g/do]l Hold Fde
9] goethiter & Yoz Xer} 8o|gt shape
anisotropyg 7HiItt. metAl U7t S7Heto] whet
2ot AFehgto]l Eotdg HoE [11] Eot 4= HiE
< &0l =2 AR oY HEo AAYUEE =
of Zot AERtE =Y 2 Ao [12].

= 04—?—§ 15T o] ARSI =2 goethiteE A

Zst 7\}3}”4 ferrite 3+

£ AoM+= R(OH /Fe* )3t &4
flow rate 37}x] ® o 5
o et 22 A1s 242 & Aok
1 pH 12 olAre] 77| =7 Fe
% 5 sl S 717 goethite g0l ﬂo“ﬂﬂ% &&
Aagre Wxs] WEA e AES] OH mepeal
4.57} A A5} 7*0]%E}. 2 R YolA] air flow rate
100 cc/min®| =& Ate} =2 24A1%F 4 Al &4
st rod FEJQ] goethiteE AP O}t BAIZF A A]
goethite®} 7| o]x}Q1 magnetite’t AEE]9ict

Air flow rate 500 cc/min?] w2 At R7A0A] 6
A7F 3 A] 248t A4} FE|O] goethiteE ¢19lo
24A)7F 8 A] 8 E7] MEE goethite AR} 24F
2 9ol BAYE WAl WASICE HAste R Bt
9 AI7HE BHEFOZ air flow rate 10 cc/minoj|A]
air flow rate 500 cc/min7tx] ¥HslE Fof 3461
S @ air flow rate?} =2&jAL= lengthQt wide 5%
BA7E Bbetelon] SR st 1aw)



558 J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 29, No. 9, pp. 552-558, September 2016: H.-B. Choi et al

AXEIE 7} =2 goethite:= shape anisotropy©] ¢4
sto] o] Yz 2 3t ferriteo] EIIAIS} S =Y 4
Qlct
oict.

REFERENCES

[11 S. D. Seul, and D. O. Shin, Thesis, p. 245-262, Dong-A
University, Pusan (1997).

[2] Y. S. Han, H. J. You, J. W. Moon, and Y. K. Oh, J.
Korean. Cer. Soc., 42, 722-728 (2005).

[3] M. Kosmulski, S. Durand-Vidal, E. Maczka, and J. B.
Rosenholm, J. Coll. Interf. Sci., 271, 261-269 (2004).
[DOI: http://dx.doi.org/10.1016/].jcis.2003.10.032]

[4] Z. Jia, Q. Wang, J. Liu, L. Xu, and R. Zhu, Colloids and
Surfaces A: Physicochem. Eng. Aspects., 436, 495-503
(2013). [DOI: http://dx.doi.org/10.1016/j.colsurfa.2013.07.025]

[5] X. Cao, H. Dong, and J. Meng, J. Sun, Sol. State. Sci.,
13, 1804-1808 (2011).

[DOI: http://dx.doi.org/10.1016/j.solidstatesciences.2011.07.011]

[6] M. Kiyama, Bull. Chem. Soc. Japan, 47, 1646-1650
(1974). [DOI: http://dx.doi.org/10.1246/bcsj.47.1646]

[7] T. B. Byeon and J. G. Shon, Korean. J. Mat. Res., 6,
(1996).

[8] F. Gilbert, P. Refait, F. Lévéque, C. Remazeilles, and E.
Conforto, J. Phy. Chem. Sol., 69, 2124-2130 (2008).

[DOL: http://dx.doi.org/10.1016/j.jpcs.2008.03.010]
[9] S. Krehula, S. Popovi¢, and S. Musi¢, Mat. Lett., 54,
108-113 (2002). [DOL: http://dx.doi.org/10.1016/S0167-577X(01)00546-8]
[10] Y. S. Han, H. J. You, J. W. Moon, and Y. K. Oh, J.
Korean. Cer. Soc., 42, 722-728 (2005).
[11] R. Jain, V. Luthra, and S. Gokhale, J Magn. Magn.
Mater., 414, 111-115 (2016).
[DOL: http://dx.doi.org/10.1016/j.jmmm.2016.04.069]
[12] G. Jian, F. Meng, D. Zhou, Q. Fu, Z. Du, and C. Yan,
Mater. Chem. Phys., 162, 380-385 (2015).
[DOL: http://dx.doi.org/10.1016/j.matchemphys.2015.06.002]



