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On the Synthesis of Cubic Sulfide Crystals
Similar to Daubréelite
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(Received January 16, 1968)

Abstract

Cubic crystals, similar to daubréelite, have been found in the sulfide scales of
Fe-Al-Cr alloys.

In this paper, these crystals were synthesized by heating a mixture of Fe, Al and Cr
powders in sulfur vapor under 1 atm. The structure of the crystal and other properties
were studied by the X-ray diffraction methed.

The results obtained were as f{ollows:

1) Sulfides of the Fe-Al-Cr system and the Al-Cr system were found to be cubic
and similar to daubréelite within a certain range of their compositions, but those of the
Fe~Al system were quite different from the above mentioned crystal.

2) Al seems to enter into the B (16 d) site in the crystals of the Fe-Al-Cr~S system,
and into the A (8 a) site in the crystals of the Al-Cr-S system.

3) The lattice parameter changed with the composition of a system, showing an
increase in Al content regardless of the presence or absence of Fe.
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Fig. 1. Composition of the stuffs.
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Table 1. Observation of synthesized samples.
i ! ] i ) |

Composi- | ) o . “ . - Smell iIContact with| N
tion of Heating condition | Color State | . Note

stuff ! of HpS | quartz tube

FeAl, | 1200°C-5 hr; 1000°C-45 hr black sponge feel contact 1
” 1200°C-5 hr; 600°C-45 hr ” ” » » same state
” 1200°C-30 hr ‘ » » » »” J

FeAlsCr | 1200°C-10 hr; 950°C-40 hr | » » P " rough surface

FesAlCr » ‘ ” . v » ”

FeAlCr ” dark grey » wo » »

- . silver white dense, lumpy, | ... _— daubréelite-

FeAlCr, " tail . black|tail: sponge ® little little like
- . silver white .

FeyAlCr; » t\lrir]?h:?slt]é;(’ dense, lumpy| little » ”
AlCry ” arey spﬁ:ﬁgyor a little contact »”
AlCr ” » dense, lumpy,  feel ” »
AlLCr » N ” ,, » "
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X-ray diffraction patterns from
synthesized sulffdes. (1)

Fig. 3 a.
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Fig. 3 b. X-ray diffraction patterns from

synthesized sulfides. (2)
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Table 2. Characteristics of observed diffraction
intensity (CrKa).

m itl . ~ .
Composition of Characteristic

sample
(222) does not appear.
FeCr,S
T (400) <(311)
FeAl,Cr;ySs (222) appears.
(222) is very strong, and stronger than (400).
FeAlCrS,

i (511, 333) is as strong as (400).
FepAl,CrSg (222) is as strong as (400). .
FeAlCHS (222) does not appear.

ATy (400)>(311)
(222) appears.
TFeAl;CrS,
GRSy (400)< (311)
(222) appears.
AICHS (220} does not appear.
s (400) 3 (311)
{440) is weak a little.
ALCES (220) does not appear.
#Tas (400) 3+(311)
(222)>(311), (400)3(311)
ALCrS, (220} does not appear.
(440) is waek a little.
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' Tﬁble 3. Structure factor for I*‘ezAlesss.

(Fe enters into A site and Al, Cr enter into B site)

hkl F : /Iy cale.
111 2N 2 w2 FarB4 2 o) 7.7
200 —4i{ far— fer) ‘ 1.0
220 4(2fre— far-+ for) 39.0
311 21— i) (2 fretn 2 fart 2 for) 455
222 : C4i( far+3fer—8fs) 29
400 402 fro— far—3 for—8 %) 26.3
331 ; 21402 re—A 2 far—v 2 for) -
420 i fa—fo -
a2 42 fret far— for) 4.2
511 3(1+z><2f“—w Far+34d 2 for) } 944
333 2(1=i) 2fre~+ 2 far+342 for)

440 42 fret far+3fcr+8/fs) 5().(? )
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Table 4a. Structure factor for FeAlCrS,. -

(Fe enters into A site ahd Al, Cr enter into B site)

i F Il cale.
111 (l+l)(/lo—w/’5‘/\1) : 25
200 0 , 0
220 8 /e | 20.2
311 A=) (fre+4 2 fa1) 66.7
222 8i( far+ for—Afs) o 6.7
400 8( fire— fui— for—A4 1) 1 245
331 AL+ (fre—v 2 for) —
420 —=8i{ far— for) : j 1.8
422 8 fre 7.1
511 A+ frety 2 /\1; } 10
333 21— fre+V 2 fa1) ‘ '
440 8( fret fur+ for+47s) 50.0

Table 4b. Structure factor for FeAlCrS;.

(Al enters into A site and Fe, Cr enier into B site)

hkl F 11y cale.
111 4140 far—v 2 fro) 26.1
200 0 1 0
220 8_/}\1 : 59
311 41— { fa+42 Jor) 50.5
2292 8i (fm, + for—4fs) ’ 1.4
400 8{ far— fre— for—4fs) : 60.8
331 41+Nfa—A 2 for) 4.5
420 —8i{ fire— for) —
422 8 far : 2.3
511 A1+ far+4 2 fro) } 158
333 A1) (far+4 2 fro) ‘ '
440 8 ( far+ fret for+4fs) : 50.0

Trh, 1) OBHIIL, Fae=fa T, Asite WREFHFEFONSIFTHARE, M8, hald
HIEMTHIN, Lich-T, Asite iz Al VAL T EAHE LUy, i) kouwtik, Fy=
Fata2 fu, E1o, Fp=fa—2fo—4fs THDHMH, Asite IWHETTHFEONI T 2A UL,
Fa i/helsd, FuoliREL KB EELBRL, B &b, Fe 0f Fh s8I0,
Al 7 Bsite iodh B T E R, Fe & a0t Al Asite iz b & FHsh 3
T, BTHBOMR L 581exE 25 L, Fig.2 b
i) Al oI oR T, BTHEMINL Tuv 5
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Table 5a. Structure factor for FeyAl;CrSq.

(Fe enters into A site and Al, Cr enter into B site)

hkl F Iy calc.
11 (1+1) 2freto 2 for+342 fa) 105
200 —4i (for— fa1) 1.2
220 4(2fre— for+ fa1) 13.3
311 21— 2 fre+4 2 for+4 2 fa) 54.7
292 ; 4 for+3fa1—8f5) 10.2
400 ; 4(2 fre— for—3 fa1—8fs) 2.7
331 214+ 2 re—4 2 for—A 2 fa1) -
420 4i (for— fu) 04
422 4(2 fret for— far} 117
511 z(1+) 2fve—+ 2 for+342 fa1) } 8.9
333 2(1—i) (2 fre—v 2 for+34 2 far) '

440 4(2 /Fe-i—jcl~+3fA1+8fs) 50.0

Table 5b. Structure factor for FesAl;CrSg.
(Al enters into A site and Al, Cr, Fe enter into B site)

hkl F L Iy cale.
111 2+ 2~ 2 far—v 2 for) ; 6.7
200 4i { Far— for) 7 12
220 4( far+ for) 106
311 20— 2far+4 2 farty 2 fort 242 fre) 114.6
222 4 {fa1— for+2fre—8/3) 18.5
400 1 AUfar= for—2fre—8fx) 46.9
331 2144 2fa+ 2 far—o 2 for—242 fre) 39
420 — 4 (far+ for—2fve) 0.8
420 4{f ,\1+fCr 39
511 2044 2fa1+V 2 fata 2 for) } o4
333 21— 2Fa1+V 2 far+d 2 for) -

440 ; 48 fa1+ for+2fre+8/5) 50.0

i) Fe &t Fe 2 BUBMbNT, BT ER»DEG,

DIZ Tk, Table 8 IR XN TV BE/A AV DORKREINSLALT, AlOFMNCr L oA
F VRPN THE, LT, Fe 5 IS OEENR—OBE, BichA 4 volBio
e EiEEZ bR, Zhit Fe o FhigWBaTLETHY, 14 vERLD Cr 0%
WTHV D (DD & & VR, Valence WO FEMAG, LD C ogflofiniz, CF 7
QMEET A, HHGIE, ORI Al 2RISR D2 L0 L - T, &4 4 vHOEE
P L= AT Lo EEL bR, ZhbORILZ oL T, SHBORMBEEERA S, 1) i
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Table 6. Structure factor for AlCr,S,.

(Al enters into A site and Cr enters into B site)

hkl a I/1 calc.
111 41+ (far—+ 2 for) 16.3
200 0 0
220 8 fa1 4.8
311 4(1=0) (far+4 2 for) 411
222 164 (fer—2/5) 15
400 8(far—2fcr—A4fs) 478
331 A1+ (far—+ 2 for) 3.3
420 0 0
422 8/ 16
511 A{L40) (far+4 2 for) } 4
333 4(1=8) (far+4 2 for)
440 8(fa+2for+4ss) 50.0
Table 7. Structure factor for Al,CrSy.
(Al enters into A site and ALCr enter into B site)
Nkl F 111y calc.
111 41+ (fa—V 2 fa1) 1.4
200 0 0
220 8 a1 59
311 4(1=4) (far+4 2 for) 50.5
222 8i (far+ for— 4f5) 77
400 —8i(for+473) 45.0
331 4142 (far—+ 2 for) 45
420 —8(far— for) 2.3
422 8 a1 2.3
511 A0 44) (far+4 2 fu) } .
333 A(L—i) (fa+V 2 fu) ‘
440 8(2f a1+ fer+4/s) 50.0
Table 8. Radii of ions. (by Zhdanoh®)
Ton
C.N.
Fe?+ Fesr Cr2+ Cr3+ Alse Se-
4 0.75 0.63 0.78 0.60 0.54 1.71
6 0.80 0.67 0.83 0.64 0.57 1.82
Note: C.N. means Coordination Number.
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