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Study on the Production of Iron Whiskers

Synopsis:

Akimitsu OKURA and Kyojiro KANEKO

The growth of whiskers by reduction of iron oxide-iron halide mixture has been widely investigated
so far, and the mechanism of growth of whiskers has been reported.

The growth condition of iron whisker by the hydrogen gas reduction of iron halide is being clarified
(at the author’s laboratory) with a view to the industrial use of iron whiskers.

The effect of added materials and the kind of boats used for the growth of whiskers have been

especially investigated. |
The results are as follows.

1) The addition of hematite ore was better than magnetite ore.

2) The addition of 15% Fe;O; by volume gave good results.

3) It was clear that the growth of iron whiskers was not due to the presence of Fe,O; but to that
of Fe from the experiments using iron boats and alumina boats respectively.

4) 'Impurities from the reduction boat and from the added materials entered into the iron whiskers

produced.

5) Long (8cm at the most) iron whiskers could be produced by controlling the reduction gas
volume and vapour pressure of FeCl, in the reaction vessel.

(Reseived Oct. 6, 1970)
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Table 1. Chemical composition of adding materials.
Components _
T. Fe | Si0O, | ALO; CaO | MgO TiO, Mn P S Cu
Kind of materials ™~

Chemical Fe, O, 70-0
Indian Fe;O4 63-50 | 4-08 2-46 0-14 0-20 0-11 0-16 0-039 | 0-007 | 0-005
Kiribl Fe, Oy 61-70 | 2-09 4-80 l 0-17 0-50 0-13 0-09 0-075 | 0-022 | 0-009
Nevata Fe,O, 60°90 | 5-93 1-55 1-25 | 1-37 0-09 0-05 0-219 | 0-09 0-022
Lonpin Fe,Oy 59-80 | 5-13 3-07 0-39 0-53 0-14 0-41 0-054 | 0:023 | 0-060

SO Zn Cu Fe+3
FeCl, 002 | 002 | 001 | 03

|13 ‘
=/ 10 7 .
1 v
9
8
15 L

1 : Argon gas 2 : Hidrogen gas 3.4 POs 5.6:H3;S30, 7.8: Flow meter

H.

9 : Electric furnace

10 : Materials in a boat 11 : Quartz pipe 12: Therm couple 13 : Therm meter 14: Trap 15 : Flow meter -

Fig. 1.

Schematic of experimental apparatus.
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Fig. 2. Number of grown whiskers vs. amount of
additive Fe;O3 (N is number of growth
whisker per 2 mm? in the boat at the
reducing temperature of 670°C).

Photo. 1. Growth of iron whiskers from FeCl; in iron boat. 670°C. Mag. 1x
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Fig. 3. Number of grown whiskers vs. additive
materials (each .mixed ore: 15 wt 9,
FeclonH,O : 20g reducing Temperature
670°C, hydrogen flow rate 300cc/ min).

Photo. 2 The ion whiskers on the wall of iron boat.

670°C. Mag. 20
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RLTVS.

WkSETH D & 2 B D82 FEUTVE, o FRekiric
KL, v 20 —DEREPEFELLDxL, S, K
S L FRERGERIT IR L <, M EmE R L7z

3) KIGIRER X UF 2T DR %

FUG 7 A8 & & OBEFRIT OV TIZEE S 275 B

ol - ‘é 5
] :
—~ 005 8
£ C
£
. ool
2
sd
£ 0005 !
. é 8 §
o ¥+
£ 000! g 8 g
o4
a
00005
100 200 300 400 500

Hydrogen flow rate {<C/min)

Fig. 4. Distribution of diameter of iron whiskers
vs. reduced gas flow rate (Fecl;nH,O : 20g,
reduced temperature 670°C).
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Fig. 5. Relation between reducing tempelature and
finish time by the hidrogen gas reducing
of FeCl;nH;O (FeClynHO : 20g, flow rate:

300cc/ min).
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Fig. 6. Relation between the number of whisker
grown uper 10 mm in length 0°003 mm
in width and reducing temperature
(FeClynH;0 : 20g; H, flow rate : 300cc/
min).
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Fig. 7. Relation between the amount of whisker
growth and reduced temperature, and
vapour pressure cave of iron chloride
(M : melting point of iron chloride).
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Table 2. An example of the growth direction and the shapes of iron whiskers.
Sample No | Direction index Face index Cross-section shape Width (g) Shape of tip

24 (110) (100) Plate 50 200~300 Point

36 (100) (100) Square 8080 Square

44 (110) (100) Plate 40 x 200~-300 Point

47 (100) (100) Plate 10x 50 Point

49 (100) (100) Rectangle 15x 30 Rectangle
52 (100) (100) Square 30x 30 Square

53 (100) (100) Rectangle 60 150 Rectangle
56 (100) (100) Rectangle 70x 100 Rectangle
57 (100) (100) Square 100100 Square

1A OREFRE 2T S, ChbDBIRD R
BT 4 AN — DEFRIEREC OV TIIRICEEL RS B.

5) RREie2owT
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BT ANV —G5TH, 570 R ICEHT 5 RE
K. THEBERCE LTV ETEE, HFITEENSHE
EIRE)FOHKE S, ZoHFroivy—%e, e+de &
HOFERIL Poisson F3AiEk

F(e)de=1/(S—1)'-(¢/RT)S~1exp(—e/RT)de/RT
Thi-zbhb. _

—75 SEOKEE L 7= HUEREID 5 b 1 {E2 Ey DAk
DIZNVF—%db, BHD (S—1) FOKRETFIT (e
+E) UTFOXANE—BHEEIh 5.

0 T T I
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—x— Cave of reaction
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ond V7T
9

IS
£
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g \ \ 2
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Fig. 8. Relation between the reaction constant
log K» and 1/T X104 and vapour pressure
cave of FeCl..

[Fe]l- [2HCL]/[FeCly] - [Hel = Kp-oeoee- (5)
DR, {(—Ep/e)S—t THHT EMFENE dIn K,/dT=0/RT?
BRI n 5. Q=Er&l&
IhEdeic K. #2EDXS5ILL b, dln K,/dT=E/RT?
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de/RT=V exp- (—Ey/RT) +eveveenna(4)

255,
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ZOFER (4) RE (6) REWEEOLFEELEARD,
ARRHENIUS DR & —F 7 5.

ZZT InkKy, & /T #"ir¥ %<& Fig. 8 Wind#
BEEL5. chr bt ivsy—2kdde, E=
25-6kcal/ mol 75 %.

F77, LOEZEETSHE 7°0xX100sec~1 mol &
w0, (6)FMITRALT
Kp=7"0x1010exp(25600cal/RT) - (7)
5. :
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M. TiohbbRIETTIREERK < /cdFeCLEA D Fe
WX BHIEESHEITL, FeOy FRiA & Bix 0 I
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Zhbhs.

2) 7T FHA—- POEBIRILEEZEA LV
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3) BE{bek Fe:O) IR AT R /S~ 2 T 15~20
PRATHS.

1) FAGEORBENC X OTY « 2B —DKSDOFE
MRFETH 5.

5) U 4 A A —DERKITIBE T HEIFHED 5%
T UAREEIZE b S FeC ZRIUEICELE S h, 10
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Fb 0T, R THEEERERSMEIR ERTR
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TR E - TEE L ETEIRICEMT 5.
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