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Studies on Color, Crystallite-size, and Magnetic
Susceptibility of Ferric Oxide and Oxyhydroxide

Ichiro KaTaoka and Tsutomu MuraNAKA

Laboratory of Applied Analytical Chemistry, Faculty of Agriculture

Abstract : Studies on the forms of iron in natural weathering products as soils are more
difficult because of lower content or lower degree of crystallization of iron cowpounds.
For making a fundamental data on these studies, ferric oxides and oxyhydroxides were
synthesized by various methods and color, X-ray diffraction, crystallite-siye, and magnetic
susceptibility of these samples were examined. In the synthesis, the crystals of goethite
(a—FeOOH), p—FeOOH, lepidocrocite (~FeOOH), hematite (x—Fe,0;3), and maghemite
(r—Fe,0;) were obtained. The directions of the crystallization were influenced with the
kind of iron ions (Fe?* and Fe®), anions in the solution, pH and temperature of the
solution, and the rate of oxidation.

In the synthesized samples, hematite was most reddish (Munsell hue=10. 0R), lepidocrocite
most yellowish (2.5YR), goethite and g—~FeOOH medium, but lepidocrocite, S—FeOOH,
and goethite also showed 5.0~7.5YR. Therefore, the identification of the synthesized
compounds by the color is difficult; but for more reddish samples, the possibility of the
presence of hematite is more larger.

The magnetic susceptibility of the synthesized samples showd the order of 1075 (emu/g)
in goethite, f—FeOOH, and lepidocrocite, the order of 107 (emu/g) in hematite, and
10~10% (emu/g) in maghemite and natural magnetite.

D values of the crystallite-size were the order of 10 & in all kinds of the synthesized
samples and showd that these samples were lower degree of crystallization.

In spite of lower D value of the crystallite-size, diamagnetic goethite showd the inverse
relationship between D valne and magnetic susceptibility.
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Synthesis of ferric oxide and oxyhydroxide

(1) G, Goethite, a—FeOOH

G1: After —Il“\IO——Fe(NOs)s had been stood for 3 months at out door in summer, the
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solution was boiled for a fixed hour®, 10mM of K2SOs4 per 1l was added to the solution

as a coagulating agent, the coagulum (ferric oxyhydroxide) was filtered, washed with water
and acetone successively, and dried in air'’.

G1:1: *0.5hr

G1:2: * ] hr

G2: To 400ml of 20% NaOH solution was added 110ml of 9% FeSOs solution,
the mixed solution was diluted with water to 1/, oxidized by aeration for a fixed
hour®, thc coagulum (ferric oxyhydroxide) was filterad, washed with water and acetone
successively, and dried in air®’. '

G2:1: * Shr

G2:2: * 20hr

G3 : 20% FeSO4 solution was oxidized gradually in air, standing for 2 or 3 weeks at room

temperature, the coagulum (ferric oxyhydrox1de) was filtered, Washed with water and
acetone successively, and dried in air®

G4 : 1096 FeSO4 solution was used in the proccdure of G3.

G4 : 10% FeSO4 solution was used in the procedure of G3.

G5: To 200ml of 20% NaOH solution was added 55ml of 9% FeSOs solution, the
mixed solution was diluted with water to 500ml, oxxdlzed by shaking, the coagulum (ferric
oxyhydroxide) was filtered, washed with water and acetone successively, and dried in air®’.

G6: To 100ml of 20% NaOH solution was added 110ml of 9 % FeSQs solution, the
mixed solution was diluted with water to 1/, oxidized by aeration, the coagulum (ferric
oxyhydroxide) was filtered, washed with water and acetone successively, and dried in air®.

G7 : 0.05M—Fe, (SO,); solution was hydrolized slowly by heating on the sand-bath, the
coagulum (ferric oxyhydroxide) was filtered, washed with water and acetone successively,
and dried in air.

(2) B:fg—FeOOH

1:To 200ml of 6 N-HCl was added 40g of the powdered iron, the mixed solution was
shaken for 30min., filtered, 100ml of the filtrate (FeCl:) was oxidized by aeration for a fixed
hour® after water** and pyridine*** had been added, the coagulum (ferric oxyhydroxide)
was filtered, washed with water and acetone successively, and dried in air®’.
B1-1: * 3Jhr, #¢ 400ml, *** 80ml
‘B1+2: = 2hr, #*¢ 400ml, **+* not used
2:135g of FeCls* 6 H:O was dissolved with' 1/ of water. the solution was heated
slowly for a fixed hour* at about 90°C**, the coagulum (ferric oxyhydroxide) wes filtered.
washed with water and acetone successively, and dried in air?’.
B2:1: % 2hr, ** 86°C (max.temp.), on the water-bath
B2:2: * 2hr, #¢ 92°C (max. temp.), on the wire netting covered with asbestos
B3 : At the procedure of B2, 35g of FeCls: 6 H:O was dlssolved with 1/ of water.
B3+1 : Same procedure as described in B2-1
B3+2 : Same procedure as described in B2-2

(3) L, Lepidocrocite, 7—FeOOH
L1: To 200ml of 6 N-HCl was added 40g of the powdered iron, the mixed solution was
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shaken for 30min., filtered. and the filtrate (FeCl:) was aerated for 20hr after 100ml of
water and 50ml of pyridine had been added, the coagulum (ferric oxyhydroxide) was
filtered, washed with water and acetone successively, and dried in air®.

L2 : 40g of FeCl: was dissolved with 17 of water, the solution was shaken for a fixed hour®
after saturated Ca(OH): solution** had been added, the coagulum (ferric oxyhydroxide)
was filtered, washed with water and acetone successively, and dried in air*’.

L2:1: * Shr, *t 100ml

L2:2: % 5hr, *+x 200ml

L2:3: #20hr, ** 100ml

L2-4 : * 20hr, *+ 200ml _

L3 : The FeCl: solution oftained in the procedure synthesizing L1 was diluted twice with
water, the solution was shaken for a fixed hour* after saturated Ca(OH): solution** had

been added, the coagulum (ferric oxyhydroxide) was filtered, washed with water and
acetone successively, and dried in air.

L3+1: * 20hr, *+ 100ml

L3-2: * 20hr, *+ 200ml

L4 : To 200ml of water was added 40g of FeCl:, the solution was oxidized by aeration* after
130ml of saturated Ca(OH): solution had been added, the coagulum (ferric oxyhydroxide)
was filtered, washed with water and acetone successively, and dried in air".

L4+1: * Shr

L4-2: % 20hr

L5 : 40g of FeCl: was diluted with water to /. the solution was oxidized by aeration
for a fixed time* after saturated Ca(OH). solution®* had been abbed, the coagulum (ferric
oxyhydroxide) was filtered, washed with water and acetone successively, and dried in
air®’, :

L5+1: % 20hr, #+ 130ml

L5-2: * 20hr, ** 260ml

L5-3: * 5hr, #x 130ml

L5:4: * Shr, #+ 260ml : .

L6 : The FeCl: solution oftained in the procedure synthesizing L1 was diluted twice with
water, oxidized by aeration for a fixed hour® after saturated Ba(OH): solution** had been
added, the coagulum (ferric oxyhydroxide) was filtered, washed with water and acetone
successively, and dried in air. ' E ' |

L6°1: * 20hr, *+ [00ml

L6462 : * 20hr, *+ 200ml

(4) H, Hematite, a—Fe,O4
H1: ‘11\10——Fe(NOs)3 was heated for a fixed hour® at 100°C, 10mM of K:SO4 per 17 was
added, the coagulum (ferric oxide) was filtered, washed with water and acetone successively,

and dried in air®.

H1:1: % 2hr
H1:2: * Jhr
H1-3: * 4 hr
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H1°4: % Shr
H2 : *—II\B——Fe(NOs)s was heated for a fixed hour,* 10mM of K:SO4 per 1/ was added,

the coagulum (ferric oxide) was filtered, washed with water and acetone successively, and
dried in air®, the air-dried oxide of iron oftained was heated for 8 hr at 130°C.

H2:1: % lhr

H2:2: % 2hr

H2:3: % Jhr

H3: To 0.2M-FeCl: was added dilute .ammonia, the "precipitate oftained was filtered,
washed with water, suspended in water, heated for a fixed hour® at 90°C, the coagulum
(ferric oxide) was filtered, washed with water and acetone successively, and dried in air.

H3:1: % 20hr

H3.2: * 10hr

(5) Mh, Maghemite, a—Fe,0;

Mh1 : To 200ml of 30% NaOH solution was added 50ml of 15% FeSOu4 solution, the
mixed solution was oxidized by aeration for 20hr, the coagulum (ferric oxide) was
filtered, washed with water and acetone successively, and dried in air®’.

Mh2: To 400ml of 20% NaOH was'added 100ml of 10% FeSO4, oxidized by shaking for
a fixed hour*, the coagulum (ferric oxide) was filtered with water and acetone successively,
and dried in air?’.

Mh2-1: * Shr

Mh2:2 : * 20hr

Mh3: To 200ml of 6 N-HCI was added 40g of the powdered iron, the mixed solution was
shaken for 30min., filtered, and 100ml of the filtrate (FeCl:) was heated® on the water-bath
after 100ml of water and 50ml of pyridine had been added, the coagulum (ferric oxide)

was filtered and wastred with water and acetone successively, and dried in air.
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Mn, Tube voltage 20KV, Tube current 10mA, Scan. speed 2°/min.; Time constant
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Target Fe, Filter Mn, Tube voltage 40KV, Tube current 10mA, Scan. speed
+°/min., Time constant 5, Chart speed 10mm/min., Full scale 1000 c.p.s., Div.
slit 0.4mm, Rec. slit 0.4mm, Scatt. slit 0.5mm
%Y, M KCl OREEB®L, ChEflEs LTHY, ZOEFRO 260(F) »5 6(F) =X
%, Scan. speed #°/min., Chart speed 10mm/min. & ¥, Chart D 1 mm=0.025° &
BBBD, M | mm=—x0.025=4.363%107 IV TV EBD, REHEST VTV TRT o

180
KCl #RIC X2 ETEO @M% Tablel KKIRL 7o

Table 1. Half width of the peak of z-ray diffraction by KCI crystall

20 (*) 32.85 36. 28 52.00 64. 86 76. 36 87. 34
6 () 16. 43 13.14 26.00 32.43 38.18 43.67
Half width (mm) 8.0 8.0 10.0 11.7 12.5 14.6
(radian) x10% 3. 4% 3.49 4.36 5.11 5.45 6.37

Wi, BT 5 v oA 0 (BE) %, @ihicgkfEh (59 7Y) 2#&-T, KCl O¥fEmh—7
7 v 7' diagram 22KV, T4 Q004 v ¥ a) D74 TELULARBEHOOEOFRED, Z0
Sl (W FYT V) KD, REOT Lm0 ERAL 0icEd s KCl OXEn (b7YT
V) %k, %D -7 KCl O¥EM—75 v 7' diagram XOARBBEL TR, cnd LD
By EXRD, A=1.936A (Fe—Ka) & LT, ¥R LAATHE D 2RKdo

# H1-4 ERE d(A)=2.617 ‘

20=142. 42°—~>0=71.21°—>cosd=0.9336

b"b(H1-4)=0A.56°=9.7'7><10‘s STV

KCl © d(A)=12.671 ODAMIC L MM EM/H—7 7 v 74 diagram L XY

by (KCD=0.22°=3.81x107* 5 ¥ 7~

(b%)z—(b'% 2=8.10x107°

By=V810x10°° =8.93x107°

Do D9 0.9x1.936
Btcosd  8.337x107°

BMitEoRATE ‘
BEREEERERBER . VW, WERKCE < O%E F (dyne), RMOEEZ m (g),

=2.09x10%A
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KX->TF R&hz,

BB B ->TiR, BBe VictEs LT, =—id AN, BERTRCEH D (0 8k
£V, FAEDQNECERICE >THA, PEbhEBICETIAMDS, TRHLLWHY F %K
H3) OEBBES DIV ALEZE RIELLENCE D

9500x107®

x (2—nlf) = T+ [

(emu/g)

&b, 0E, WERDOREEZMDIC 24.0°C £35& T=213+4 iTLD

oy 9500x 1078 -
z (%—/vtﬁ)-————273+24+1 =3.19%10"%(emu/g)
£
aH F
H sx mX
oH

oH
—5o =6.53%10°(0e*/cm)

Fx980
mx6. 53 107 Lemu/e)

& -T, BHOMARERD o

(R =

EBRHEELLUER

SREEO X SER

ARG B LU ARA + VKB D XERETTHERIE Table? K/RL7, 2o DHD
t, Maghemite {3 Magnetite &BIHFFRSFLT 2D T, 5% 2 vVEIERK (50°C) I 2 ~ 3 R
B# U, Maghemite (3759 % 43, Magnetite DIERHIEAY ThH B T L2k > T Maghemite
xHEDTo

AER TR\ AKRADOHERIL FeCl:, FeCls, FeSOs, Fe,(SO,)s Fe(NOs)s O 5SHETH -
7o : : :
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Table 2. The results of z-ray diffraction of ferric oxide

and oxyhydroxide synthesized

(2:1) Goethite, d(A)

Gl-1 Gl1:2 G2-1 G2-2 .. @G3 G4
%.0(1)8 %0(1)8 %061 ‘110(2)1 amorphous amorphous
(vs) () (We) (V) by by
X-ray X-ray
2,170 2.69 2.70 2.69
(s (M) (M) (M)
2.59 2.58 2.59 2.59
(W) (W) (M) (W)
2.45 2. 46 2.46 2.46
vs) (s) vs) vs)
1.72 1.69 1.72 1. 72
w) (w) (w) (w)
G5-1 G52 G661 G6-2 ey G*
oy 8 oos oo ooy ooy
(vs) _ (vs) (vs) (vs) (vs)
2.70 2.69 2.70 2.69 2.69
(M) (M) (M) M) (M)
2.59 2.55 2.58 2.59 2.59 2.58
(w) (100) (M) (W) W) (M)
Vs
2.45 2.45 2.45 2. 46 2.45 2.45
(VS) M) (VS) (s) (vs) (vs)
.12 1,70 173 1.70 1.3 1.72
(W) (s) (W) (w) (w) (M)
* Natural goethite. (Kamaishi mine, Iwate)
(2:2) B—FeOOH, d(A)
Bi-1 B1-2 B2l B2-2 B3-1 B3:2
7.57 7.52 - 7.52 7.52 7.52 7.57
(vVs) (109) (VS) (VS) (VS) D)
VS . N
5.3] 5.29 5.36 5.31 5.31 5.31
(M) M - (MD M) - (M) M)
R R S S B
V L.
(vs) ' (vs) (vs) ' (vs) (vs)
2.63 2.64 2.65 2. 64 2.64 2. 64
(W) (W) (W) (W) (w) ¢%9)
2.55 2.57 2,56 2.57 2.57 2.55
(vs) (vs) (s) M (vs) (vs)
2.30 2.30 2.30 2.30 2.30 2.29
(w) (M) w) (w) (M) (M)
1.95 1. 96 1.95 1.95 1.95 1.95
(W) (w) (W) (w) (W) (w)
1. 64 1. 64 1.65 1. 65 1. 64 1.64
(w) (W) w) (W) (M) (M)
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(2:3) Lepidocrocite, 4 (A)

L1 L2-1 L2-2 L2-3 L2-4
7.52 7, 47 7.52 7.57
vs) 6))] (vs) (100)
VS
6.33
(100)
VS
5. 34 5,26 5.31
(W) M) (w)
4.22
M)
3.30 3.35 3.34 3.34 3. 45
(s) (100) (100) (100) (vs)
VS VS VS
2.48 2,56 2.55 2.56 2.56
vs) (8) M) (vs) (vs)
2.30 2.29 2.29
(M) (w) (w)

L31 L3-2 L4-1 L4-2 L5-1
7.37 7.52 7.52 7.47 7.52

(vs) (100) (s) (100) (100)

VS VS VS
5.26 5.29 5.34 5.29
M) (W) (w) (M)
3.33 3,34 3.34 3.34 3.35

(100 ) (8) (100) (vs) vs)
VS VS
2, 54 2.55 2. 55 ' 2.55 2,56

(s) (M) s . (M) (s
2.28 2.30 2.30 2.29

(W) (M) (W) (W)

L52 L53 L5-4 Lé6-1 L6-2
N TN I R

\'

(vs) (VS) (vs) (vs)
5.26 5.29 5.21 5.31 5.21
M) (M) (M) (M) (M)
3.33 3.35 3.30 3.34 3.34

vs) vs) (100 ) s (vS)

VS

2. 54 2.56 2. 56 2. 54 2. 56
(M) s) (vs) vs) (vs)
2.28

)

2.30 2.29
(w) (M)
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(2:4) Hematite, d (A)

Hi-1 Hi-2 Hi1-3° Hi-4 H2-1 H2-2
3.67 3.69 3.78 3.69 3. 67 3.70
(M) (w) (M) w) w) AW)
O S N S S
(vs)_ (vs) -(vs) (vs) (vs) (vs)
2.51 2.52 2.50 2.52 2.51 2.52
(vs) (vs) (vs) vs) vs) (vs)
2.20 2.21 2.28 2.22 2.22
(w) (w) (w) (w) w)
1.84 1.84 .84 . 1.86 '1.85
(w) w) (w) (w) (w)
1. 69 1. 70 .12 1.72 1. 69 1.70
(M) (M) M) . (M) (M) M)
H2-3 H3-1 H3-2 Hi4* H5**
3. 68 3.70 3.68 3.68 3.67
(w) (M) (w) (w) (M)
o fo0y o0, T\ o
(vs) (vs) (vs) (vs) (vs)
2.51 2.52 2.52 2. 51 2. 51
(vs) (vs) vs) - (s s

2.22 2.20 2.20

(w) . ' (w) (w)
1.84 1. 84 . 1.84 1. 84 1.84
(W) (w) (w) w) W) .
1.69 .70 1.69 1. 69 1.70
M) M) (M) w) M)

* Natural hematite (Akasakacho, Gifu)
** Natural hematite (Johore, Malaya)

€2+5) Maghemite and magnetite, d (&)

Mh4 MhS5
Mhl Mh2 Mh3 (natural) (natural) (natural) (natural)

4.94
(vw)
4.24 4.24 4.19
(M) o W)
2.97 2.97 2.97 2.97 2.97 2.89 2.97
w) (w) w) (w) M) w) (W):
P DR O N
(vs)< (vs) : (vs) (vs) (vs) ,(vs) (vs)
2.10 2.09 2.10 2.10 2.06 2.10
W) (w) w) ~ M - W) (w)
1.62 1.62 1.61 1. 62 1. 60
(w) (w) w) (w) (w)
1. 48
M)
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Table 3. The relation of synthesizing conditions to the formation
of the crystallized ferric ozide and oxyhydroxide

Original salt Addition Method of Fervic oxide
of or oxyhydroxide
Fe** or Fe¥* | Anion reagent oxidation hydrolysis synthesized
Fe?* Cl- Pyridine heating Mh
” ” ” aeraion B, L
” ” Ba(OH): ” L
" ” ” shaking L
” ” Ca(OH): ” A L
o ” NH«OH heating H
Fe®* SO« NaOH aeration G Mh
” ” ” shaking G Mh
" o — standing G
Fes* Cl- — heating B
” SO+~ — ) . ” G
” NOs™ — ‘ standing G
o o - heating H

1) FeCl: B & D DAR

COBE, BYIVERDL CESRRILYT 25k, Tk Baudisch 5 % lepidocrocite &
BRTIHEELTERLSDTHY, AERTSH lepidocrocite (L1) DLEFR%EA7cH, BR
BT & XT3 B—FeOOH MERT BT &b o7c (B1 8R)e T, €YY YERM
L THnBIMK S 8851778 5.&, lepidocrocite DR DIC, maghemite MK L7 (Mh3 2R).
Ba(OH): %A THAKE (L4, Lé), RU <k F vE{L (L2), Ca(OH). A TR VER
{t (L3, LB) ¥2&SX5IC, FeCl: 274 VI LT 2 Mmgke e/, @XbHd0
iR oEBLE 3 &, hd lepidocrocite BT E 4, TYE=TTAJHEE LT LR
%, MEJNKDIEST 5 & lepidocrocite DL DI hematite D4R L7 (H3 B0

2) FeCls B X D DARR

nEIKAMRIC XD B—FeOOH MR L7 (B2, B3 &R,

3) FeSOs B L D DA '

NaOH #fn, B&E#{LT 5 & goethite (G2, G&) MERKT 244 L, maghemite (Mh1) 28
HERTAEAENHB. £/, NaOH BN, kb vEILL TS goethite (G5 MLERT 2EE
&, maghemite (Mh2) DERTZEAEBH 2. HTOABLIEIOINSDERHT, goethite
& maghemite DZHEMBAEL B EKDNT, ZOBRHBPSLTHY. Fi, AL Fe** OF
h ) R, BRILIKEBNTDS, 1) OBADL DK FeCl: & D53 3 & lepidocrocite 23, 3)
DL DI FeSOs £V 5T 3 & goethite 713 maghemite BERK Lo 0B, FeSO. B
DHRKEIR Fe** DETAAVHUTTO BHEMIEILTH S, TDEE, goethite (G3,
G4) EHEM L7,

4) Fe,(SO,); B LD DAL

MEINK A HRIC & > T goethite (G7) DS L 7o
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5) Fe(NOs)s Bl & DDA

HREBILT T goethite (G1), MEIIKD#F 414 hematite (H1, H2) DERRL 7o

ZhoDBEFRIK DN TOERIIA®RO ETH S, ULORKRIE, HHED Fe 414~ (F*
» Fed* &), HERA 4>, IR, BEo pH (OH™ o#toxd), BEOHE, B
OBERETE > THRIPHEHEE ST ETEERT

EREOB
ARERAED Munsell hue % Tabled ICRL 720

Table 4. Color (Munsell hue) of the synthesized samples

Goethite Lepidocrocite - Hematite
Gl-1 10.0YR6/6 L1 7.5YR6/8 Hi-4 10. 0R3/4
Gl1:2 - 10.0YR7/8 L2-1 2.5YR4/6 H2-1 10. 0R3/6
G2-1 10.0YR6/8 | L2-2 2.5YR4/6 | H2-2 10. 0R3/6
G2:2 10.0YR5/8 || L2-3 5.0YR4/6 | H2-3 10. 0R3/6
G3 . 10.0YRS6/8 L2:4 -5.0YRS5/6 H3-1 10. 0R3/4
G4 10. 0YRS6/8 L31 5.0YR4/6 H3-2 © 10.0R3/4
G5-1 - 5.0YR4/8 L3-2 7.5YRS5/8 H4 10. 0R3/6
(natural) .
G5-2 5.0YR4/8 L4-1 2. 5YR4/8 ’
) H5 10. 0R4/2
Gé6. 1 10.0YRS5/8 L4:2 _ 2.5YR4/6 || (natural)
G6-2 . 10. 0YR4/6 L5-1 5.0YR4/6
G7 7.5YR5/8 | L5-2 5. 0YR4/8 Maghemite and
. magnetite
G8 7.5YR4/6 L5-3 - 5.0YR4/8
(natural) L5 5 OYR4/S Mhl black
. .0YR
" B-FeOOH Lé-1 | Mh2:1 black
-oPT . 5.0YRS5/8
Bl'1 5. 0YR4/6 Rk black
. . Lé6-2 5.0YRS5/8 :
Mh3-1 black
B1:2 5.0YR4/8
: Mh3-2 black
B2-1 7.5YR6/8 Hematite .
Mh4 2.5YR2/2
B2-2 7.5YR5/8 Hi-1 10.0R6/8 || (natural)
B3-1 7.5YR6/8 Hi-2 . 10. 0R3/6 M . 2.5YR4/2
. (natural)
B3-2 7.5YR5/8 H1-3 ' 10. 0R3/6

&% lepidocrocite {3 2.5~7.5 YR, &K goethite t& 5,0 YR~10.0 YR, &K #—FeooH i3
5.0~7.5YR, &K% hematite 32T 10.0R T»H 355, hematite M b FREHHM <, goethite,
lepidocrocite DIEIC FABKM LT 308, 5.0~7.5YR f&id lepidocrocite, goethite,
B—FeOOH 3ti, ZOREETAWATHY, BEL > TRECHATSEC LI TERINLM, K
BRASFERICHR < 133 & hematite DEEDHHEMESRKE(BELVI T LMBTE S,

BRI DI3 maghemite, magnetite THRED LD, VWFhd 2.5YR THo7cDiCxfL
T, A maghemite T ~NTHERTH -7
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Table 5. Magnetic susceptifility of the synthesized samples

Goethite Lepidocrocite Hematite
(emu/g) (emu/g) ' (emu/g)
Gl-1 3.38X10°5 L1 1.16X10™ Hi-4 7.00X10™5
Gl1-2 3.53X10°8 L2-1 3.10X 1075 H2-1 9. 43X1075
G2-1 1.24X1075 L2:2 2.31x10°8 H2-2 8. 58X 1075
G2-2 8.99X10-5 L2-3 - 2.04X10°5 H2-3 . 9.57X1075
G3 3.62X10°5 L2-4 2. 70X 1075 H3 1 1.94X10™
G4 . 3.12X10°5 L31 2.57X1078 H3-2 2.24%10™¢
G5-1 2.50%x10-5 L3:2 1.91X10™ H4 1.09X10™
, (natural)
G5-2 3.73%1075 L4-1 2.67X10™ )
3.36X1074
Gé6-1 1.98x10™¢ L4-2 2.28%x1075 | (natural)
G6-2 1.14X107¢ L5-1 2.90% 1078
= " Maghemite and
G7 3. 2.7X1'0 L52 3.17X10 Magnetite
=5 . -3
88 3. 57X 10 L53 2.62x10% | X0
. -5
P L5-4 2.68%10 Mh2-1 3. 63%
-Feoo . -
" i Lé6-1 2.90X107 ) Mpg.g 3. 08X10*
. . X et . -
) L6-2 2.69X10% | Mp3.q 3. 52X 102
B1:2 ' 9.05Xx10°s
, . Mh3-2 2. 35X 10%
B2-1 3.79%X10™8 Hematite
. Mh4 6.99 X 10*
B2-2 2.85X1075 Hi-1 8.17X1075 || (natural)
B3-1- 3.28X1075 || H1-2 1.11X107 2. 44X 10%
’ (natural) :
B3-2- - 5.42X10°5 Hi-3 7. 04 X107S

* H : Intensity of magnetic field, %—I;—- : Magnetic field gradient, H——%II_I—=6. 53X105E0e2/
cm), (24°C) ’

goethite % 2.50%107~19.8x107° (emu/g) . SEHg 6.61x 107 (umu/g)
B—FeOOH (2 2.85X1075~9.05%1075.( ~) ¥ 4.61%107° (#)
lepidocrocite (2 2.04X1075~19.1%107% (~) ¥y 4.36%x107° (~)
hematite % 7.00X1075~33.6%1075 (~ ) O 1.34x107* ()
maghemite (& 3.68x102~3.52x102 (~) S O111X10% (~)

JdH
ferZl, H——=6.53%10° (Oe’/cm}
ElSREE magnetite I 2.44X10 (—RDA)

o0H
727U, H-—75-—=6.53x10° (Oe’/cm)
T B, goethite, B—FeOOH, lepidocrocite DMILFEiz 107° (emu/g) BETH Y,
hematite D ZHEPPHEL 107* (emu/g), maghemite, magnetite HESHIT 10~10?

(emu/g) BEEERL o
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Tadle 6. The cuystallite-size of the synthesized samples

Goethite Lepidocrocite
| a D (A | | a D (&)
4,147 1.61x102 3. 301 2. 31X 102
Gl1-2 L5-1
: 2.432 2.53%102 2. 535 3.30X102
4. 147 1. 10X 102 L61 3.292 9.44X10
G2-1 ]
2.432 1. 48X 102 Hematite
4, 147 1. 08102 . : 2
G6-2 { H1-4 2.671 2.09% 102
2. 437 L 47X10° ) H2-3 2,677 1. 79X 102
a7 4.132 1.82X10% | H3-1 2677 391X 102
Gs 4. 147 1.54X102 || H4 2.677 6. 74X 102
: (natural)
(natural) 2.428 1.87X102
H5 2.6717 8. 80X 102
B~-FeOOH (natural)
Bi-2 3.30t 1. 45X 10% Maghemite and Magnetite
B2:2 3. 311 4. 18X 102 Mhi 9. 508 2. 14X 102
-B3-2 3. 301 3. 17X 102 Mh2-1 2.508 3,04 X102
Lepidocrocite I Mh2-2 2.508 1. 47X 10%
L1 3.273 3.29%x102 Mh3-1 2.514 2. 44 X102
L2-3 { 3.311 2. 28X 102 Mh3-2 2. 514 2.67X102
: 2. 540 4,08X102 ‘Mh4 2. 508 4,17X102
(natural)
L3 3.292 1. 12X102 .
M 2.514 1. 87X 108
3. 301 2.28 X102 (natural)
L4:2
2. 529 4,54X%10%

ARRROHBFRER, VHAEAEYHOEATS D=10"A ® order TH - TEMHRED
HbDTHo7co LItM-T, # a‘%‘a?*ﬁﬁéﬁ, WALREDHEFESHTIR L. LTI &, KR
BED goethite IKHBWNT, G462 # D=1.08x102A (d=4.147R), D=1.47x10? (d=2.4324).
REALEE 1.14X107* (emu/g) LT, HEFHEDOPPRE G1-2 » D=1.61%X10* (d=
4.147R), D=12.53%10% (d=2.432A), WALE 3.53X107° (emu/g) &LBERFHEORE S LM
bLRBFOBEBICSH - 7o

g #

Tz OO EERORIEGEL LT A+ /7KEE4B@E’&§.‘UE%E.£*4®&0)%EE7&W AR
BEET B0, CNSEARLTE, XMEFICL 258, ~ETRE, MALEOREETTIE -
7o ‘
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AR E LTIE, goethite, B—FeOOH, lepidocrocite ¥ & U maghemite @ 4 WA 50
tohs, REOERS ML, AREBED Fe 414~ ® charge (Fe* » Fe** ), 3tFRA A
v ORI, WNmEE B D pH (OH™ @@t%@%@), REOEE, RIEOBRICE > TEE
EIFB3LITHBo
 ARMOBEOS BT, BLREOMODIE hematite (Munsell hue 10.0R), &K\T B—Fe
OOH, goethite, lepidocrocite DIFICHEHHL, K HKDHL lepidocrocite & 2.5 YR
THo7ed, 5.0~7.5YR AHLICIE, lepidocrocite, goethite, B—FeOOH DZ=ZHMNENL->TE
TNEZ0T, BAb->THEL AETACERITERD. K, FEMSDU & DI MEEL,
hematite DFEEDAREEDKE L B0

ARIOWALEIL, goethite, B—FeOOH, lepidocrocite 733t 10™°(emu/g) @ order T,
hematite {29%®E < T 107 (emu/g) @ order, maghemite, magnetite (HAREE) REHHE
T 10~10° (emu/g) @ order T&H - o

MRTHERARREOEEE DT, D Ed 10°A © order TH->T, KFRTOEKET
BIEZREDSD LA SNIEM 1o D HEMEVIKIEAD T, REHD goethite i3 D EEHAL
EOMICHDOBIFEERL oo
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