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See-Through Deformation Experiments of Rock Analogues

X &®°
Shigern Otoh”

Abstract: T give a brief review of see-through deformation experiments of rock
analogues during these 20 years and try to show future trends of this kind of ex-
periments. Most of the experiments in the past were carried out to clarify cyclic
changes of microstructures (e.g. grain size, grain aspect ratio, dislocation density,
grain boundary motion, and lattice preferred orientation) during mechanical
steady-state flow. Future experiments, on the other hand, will be devoted to
show the causes of mechanical instability in sheared rocks.

Following the review, a deformation behaviour is described of two-phase
analogue mylonite sheared in ductile conditions to shear strains of more than 30.
The analogue is a mixture of octachloropropane (OCP, C;Clg} and camphor
(CioH160), deformed in an in situ tortional ring shear apparatus. The experi-
ments were performed at room temperature under constant strain rates of 1.8 X
10731 1. 1107 %!, and 3. 6X10%7": and during each experiment the load
history and microstructural evolution were recorded. Typical two-phase aggregate
showed initial hardening followed by two phases of softening: initial drastic
softening and later gradual softening. The initial drastic softening started at an
average shear strain of 0.1 and the later gradual softening commenced at an aver-
age shear strain of about 0.6.

Tracking of the microstructures using time lapse cinematography and digital
video microscopy revealed that shear localization adjacent to a frosted grip coin-
cided with the initial drastic softening. During the later gradual softening a com-
positional banding developed, which was defined by elongate polycrystalline do-
mains of OCP and camphor. These domains were initially broad and oriented at
35"to the shear zone boundaries. With accumulated strain they gradually elongate
with the long dimension parallel to the shear zone boundaries, forming a well de-
veloped compositional banding. Measurement of these compositional domains or
bands suggests that they have grown through mechanical elongation.

The above observation strongly suggests that the formation of a mechanical
compositional banding is an important and long lasting softening mechanism in

19924 7 B 2 B5%f4. 19944 2 A 7 0<H.
*ElR BRI R,

Department of Earth Sciences, Faculty of Science, Toyama University, Toyama 930, Japan.

—173 —



KE X

two-phase mylonites. It is very likely that two-phase mylonites do not gain
mechanical steady-state and steady-state foliation until a later stage of shear de-

formation.
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191 2H O EEM AR KT T 4
(RES KRN T, 4811, HOEE
WMEOENEREBIIMT ALY -2 4
1o, OB, SEEHEFTEO0H LERR,
SE R AR D B2 R ORFSEEN 2O w
TH#lfrT 528 ) Tho b, BEOBEEKRT
ZLERD-7 Kz, ThoOMAzEH
HEth ERHEREEREHROLY2—IIHL
T, o CREE MR AL EDTE
¢, T T Means (1989) DT iz K2 —
RAMHLOT, BKEFINEE TH6
& THHBREV o

BAUROHOERELEREL?

SR EEBIL, BEE100xmEBEEOHE
HH AR S LG, BRRATERME TR
WEOLILPBETIERERTH L. Bk
HEOERLOT, FH, RKEROGEYERER
HETHOPHEENTHE. LrL, 6AOE
BBy LORICETCBETLLED L, &
HIoEmBsRE LY 2 5h, poLRERIEE
TE DI I LBV EERY, T
BRI A, FOT, BOLOEWVWIZIZEY
oY, LHREBTERERT LM ECEE
BILEWOBBRTEREASL LTHYS. &
EEIT, BT ARV DL OEENTRA
Tidvad, HROHLIET, EEOELGT
B EZRERERI S - EFRICTEL L)
53 TH, 2L EELTOERIESTH
59,

ZOFOFEE T HEEEEE RO IO,
IINEROETHE BEFLH(, BilnE
FEODP L HBEWOFRILIE, Means (1977)T

HAHI. L LERLEND, SRk
FHFTH, FIBEOERIAT R bivTv 7, $R1iC,
EikFH b, AERBROKOBESESTH
By Db, BATKOERER - HiERE
B& % 4T %2 - T \» % (Steinmann, 1958; Rigsby,
1960: ik 19624, 1962h, 1962¢, 1962d, 1964; #5
AR, 1969, 1970a, 1970b). AFw Thih 5 &H i
B, IS OIESEREORIZE, WiakhE
FENBEIILGDLIELE(EIRTV A,

EROF &

EREREROFEREEL, —HKiZ2HOH
FAMOEIIECEB A TER S5 A
FEAH 2HONT AT EHRICHS TR X
TAHEMIRERREE L, s dEs) 7
T-LEREEEPHE BHEKOL O,
Means (198912 S hC WA OT, #LCE
Rz,

VYT -EREER, S LT 2HO
PR 75 AMIZEEA T, FAOH T AK %[0
B 3D T LTk DB AR S H A
DHDTHL(Fig. 1 ; Fig.6-1). 28O H I
A MO ALEHER D, b 5 H ik LT
DEDFI RN oCT0D, AFHIZOEY A
S AGHSICEHESHTEY, Fllors 2%
[Elgz s 4 &, HF AEIIER LA o3
WK S A (Fig, LA)., TRAUOFI AN
it TREENLSICEEINTED, L%
iz B (Fig. 1B Cap) il AT
T, TS AHECEICEQALNLS. &
e, REERHOMILCE, -5 — LE5
L7\ » ¥ (Fig. 1 B @ Rotation Ring) 2¥H{
HYffirohTsh, BiEg) wrhoRbLie
BEAEREMSCEE I -EREE2H T &
T, ZBMNBHOEETL LI ThD,
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Fig.1  Schematic diagrams showing the structure of the tortional ring shear apparatus

used in TP22. A. Principle, B. A cross section.

BB EEOHECHE L, DTo/MZL
TiToTwa., (1)inkF . BEIEBREEPO
E—5—THz -2y % 0% o REWNT
METD, £, ey -LHEH LR VT
STH SN TE Y, EBRPORHERER, =
B~ 200C OHHCT—EWHROIENTEL,

(2)% - THIE  ERERBELWET LIS,

A=A - E L A (102m LLTF)
DT 7y ¥rETANL, ERICEI—H—
B ORI, S, K0T ERES W
ETH EHEREROFILLS, BRERE
DEFR %0 - 720, AT L AT E A
WRICREE|TELE, ) - WE )T
7 -BEREETIE, AR SHASE
ChRBOT, BIMERE L. SO ok
EOAMEFRASHIUEL, THELEDTH
LEEANETELEEDbN LS, #EIESRA
LTwiw, 40, Big) » 7OEBRIZD
FEY =0T, ERABONGIIET AHE
FD o ThBZCHL b ) —oDfEE,
AEE T AMOMOERTH L, BENKE
Wi BRI T AT FET R ATT &
TLEV, BIBIZE a2 T, TEEONH
FT— NG D, GREE Y ERR
FETHEEIIE, VI AECEEN ) 2

A NOBEEE S TR LT, ZOBEIIE
WA, mEGCHECRR, RETEATI LS
v L, MEERETECZ L b

EREBLE LCid, e g balyh
WhHIL TV 5 (Table 1 ). AR LFIL, A
{L&EWTIE, Ay yruuro~fr, N5Y
WMTiE, EYavr Ak, H-FF54F, B
CRTHH. wIhd, Bk, 18E, EHE
107" DL T T, 10MPa DL Tiksh
3 % (Fontein, 1990 MS).

FEREL, LToRIZTRS. 2§, A8
DALE T I ZARO LIS o, $iT1ETHE
95, ERERECAHSHSOELRE L2
&I, v-F PR EMERA ST,
FAHZEREL. RIS, MR LA ES A
T AN ETHA, BALRBETREDS. 2
OBEET, ToRERLEETL L, EE
B-LFESTESL ZOBBEYELL, B
BFIZEEIN R CIEBNRE 2 5. A0
BELZS, SR ERER I CEET L. A
L »ERHBET5E 21, RERHEOR,
EBREBOATAMIII ) Ay A NE T H
{&D. CRRAEORKRIZ, ABEFF AH
BOBETBR/NNEIZL EDLDTHA.
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Tabte 1  List of mineral analogues used in see-through deformation experiments {modified
from Fontein, 1990 MS).
NAME CHEMISTRY CRYSTAL Tm REMARKS
Bischofite MgCl6H20 Monoclinic
Carnalite KMgCl6H20 Orthorhombic
& || Ice H:0 Hexagonal 0°C
Nitratite (Sodium nitrate)| NaNO3 Rhombohedral 306°C | Similar to Calcite
[||Adamantane T T Cubic 210°C |
Biphenyl CeHsCsHs Monoclinic T0°C
Bromocamphor CioH15BrO Orthorhombic 76°C
Camphor CicH160 Cubicz92°C 179°C
- Rhombohedral<92°C
£ || Chlorophenyl sulfone | (CICsH4)2802 Monoclinic 145°C
g‘ para-Dichlorobenzene | CsH4Ch Triclinic231°C 51°C
g Monoclinic<31°C
S || Dirnethylurea (CH3NH)2C0 Orthorhombic 108°C
o || Fetrocene {CsHs)z2Fe Monoclinic 173°C
‘2 |t Fluorene CizHuwo Orthorhombic 116°C
o || Hexachlorobenzene CsCls Hexagonal 227°C | Cancer suspect agent
5 Naphtalene CloHs Monoclinic 80°C
Norbornane C7Hiz Cubic g7°C
Norcamphor C7HwoO Hexagonal 95°C | Similar to quanz
Octachloropropane CsClz Hexagonal 160°C | Similar to quartz
Thymol C3H1CsH3CH30H | Hexagonal 52°C
Triphenylmethane (CsHsy3CH Otthothombic 94°C
Utea (NH2)2CO Tetragonal 135°C
EROWR EHES TELhofz fERIE, (AR UPEES T T,

LELOBR, SAEEMEOERERERNY
DL LHMIIEWT VWS HEEZ L1507,
COEBNEONFELFELN L TERL TA
B,

&
BOEBEYEOERERERIZEG, UToRE
FHH L (DER L LA OEMEN LT
Ol rBETELR, (OFBIIKELE,
BRIZBIMIE LS5 2 A LM TELE, BLTN3)
FRLEBCERNSTELEOIATHS. L
DI2OREETL I LFHFLCHERTS.
(1)EFBROBE  HROERERTIL,
SHDERERBETBE-T, EERETLZ L

HALZERERL-HZSZED, bEhoo
HEFEREONSVIEHILERT, (o) BiEMR
ERERELT, ERBEYHELL. LaL,
BEMNERHABEIH I THRETH-T, £
BIIEROKI LAY, EROSLERO
(EEUA RS FEE LT CE Rk
Vv, REMAEOBEXFE LvEFud, #E
DEHRTH, FAOERMHMAKRO SR E
IEZBRT LI LI TE L, BEREROB
WHE ARG HET 20 3RELREELD
L. i, OREFOEL ORFOBERHES
Hhr o bR, CFEFHOERLEHE DR
b, O~ OFEErTEOREARAL S HE
THIEE, ERFATETH 2. FOHER
ERFEER L, U EOOREDEROBIZAGEE
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BIZBSETEB LI RELRETHD.
2YREDBLVERSICAS HHELY S £
Lithsa  EROERERE, A0, =
BIEMERF IR TEH /2. COFETEHERZS
NEELGEABT%T, AL LOELX52 5
DIFFERZETHo/ Tl OFETE,
AEHIESHEL S22 LV EETH -
foo A, RIS LATFRTH YR
b OB AT, SRR 2RSS
MEXGZ LI EIHEII L2255 (Schmid et
al., 1987; Jordan, 1987; Ross et al., 1987; Hiraga
& Shimamoto, 1987; Dell’Angelo & Tullis, 1989
ZE). LPLEFOFETE, S OIRES 4
ImmBTH L. EBEREREE, FI2T >~
7T —BREE T, REWIWEL BT
FRARL, EEAIIIERRKOTELS 2 2
ZENTEL.
BFELKEBETHERTEIZ 0 Z0milH
LT, FICHEALTMZ ALBEEH L v, T8]
ThhHI LR, BHFHELLLCLARTHS
VWA ETHDL.

P =
AOEEE ORAERERIE, RS
REER L OMERYHL., ThboPEH
ThHE, LTFORIIR L,
(DEBOEAEHbLEVI EICREAYT HH
ey L EROEREBE TR, MEOBWERAD
EOTERESELIENTEL . - TER
HEELTH, ornWEOEREDES#bLY
LR, AERSICERT WL oME
AT D, B, ERMMEE LR 2
BEiiE, HEMEOERE R REEE D
NG ARKEGRFN, EROSHELVLIEED
HHOEFNG ETFIIBHLTW A2 ERET
LUEEHD,
(Z)FE¥ONZEhe (AMES . Zhilg
COERERIZEBT L I L1288, SELiE
DERERFERLXE LAy - LOBBITHEH
LI ETaE, e oMBEIE U 2 RN
A5,
(BEWTELINETF— i vwEn)

i D ohid, FEEOREEBREEIZLY
TiTTHMETH LN, EREE(STEERE
B OB A EENEAR) &SRB L ol DR,
HEHI A BIEHOBEERBEIZ L TwE. &
EO7zo, HAMOZE Y &5 AHEChn v b
L OCP oA R CCEESIEL,
OQCPEMFFOME L g L 72 (Fig. 2). %8
(i, il TP22 TRV EBEECILL
BRESLURFIHLEREEL AW Bk
FEOETEBE L, Fig. 1 OEE & ERNESE
FMUTHhDL EBEME, BEEE AFEE
Ebiz, BER60T, ¥FANBOREREY
#7157hr & U7e. BEEE - ERME L LI, 305
DFEEEL 3 [EAT, FRFENEBELAESE T
f{o. ZTOEBRRETRALARD, BEEOREL
EREMEO0%IBL, SEFEREL LIS
Rzs., Larl, ERER - WEOGHIEE:
HiZ, SELRELLOTERL, HH0E
SOEWR, FEEHRLADICLLT, METE
WMEPMPIEDL LB O TEEYET
L. BREREREETOMEOEIL, AED
HZLLTELZT, BHROBHLIENMEL &
HETRLZV, FMEOEREBCHNET L OH

Loa¢ (kgw)
2
] .i ------ Load
i Friction
i '-‘af-'-.._‘ PN
1.01 I -
TR e e
s e et e g el gt b B
o -
0 10 20 Time (min) 30

Fig.2 A measurement of friction between a glass plate
and a circular plate of octachloropropane (solid
line} compared with load of defermation. The
tortional ring shear apparatus used in these ex-
periments are similar to, but different from the
one shown in Fig. 1; we cannct compare the data
directly with Fig. 5. The friction was measured
by confining a platy sample only to the inner
frosted grip of the apparatus. Condition of ex-
periments: T=601, dw/dt=15/hr.
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BHEYHTHD,

(4)RHEAEOR, BT RROXTFHH
Plzh A EEOBMUNTETLE I LM
BHE L. HlAdtsrysnorsarf
SEBOSRE, AHFERORERICIL ST, &
mOCHD, FHROTFHEOERL#BETE
AHERCLI LR TLED. #-C, BA
B E PN TR T B0 SO E NS %
WFEd LB, S o@mg L EmET A b
NLELBVWEIIRTIETLLENSHL, bbb
A A, MENENEGD, BEOBLSORIZE
IbdTLohrERIGEBERNTH LD

EROE®

HIEIZR LR RBEREN LT, aatik
WEOERERERIL, TiZ200FENIRR
DohLEEHERELTHD, £hid, (I)A
O OBIE T § 0BT & OB £ v ) RIS

53

L, Q)HEHTORBORTERL, Fhic
e MMBEOREL VIMETS D (Fig.
3). T@2-o0REE, WA LREE
bt MERSREONENERKEI W
ROEEHEICHboII L, #EEE, ElE
DEFEELRERDREILE V272, RERD
R TONENIEETREORE T e T 52F ik
DUEDE S THENSTHE.
FEBROAMNE LT, BlHhoXRE Y E
o TE0, BINEHERIZY - TEDIE
LGB EN ORI AR RIS ED
#r, WIRROER BT & O M-S A8
%ﬁﬁ%@%@%fW¢5®# s ziE
DOATH 7. COFRELTETFRLD
e;kmzﬁfﬁé.ﬁabammﬁﬁk&o
T, w4 0FA PalOoBERCERAFEEL
FHREFO I LAER S RIEH/2Z E(Bell &
Etheridge, 1973), B X UEEBOEEILOE
BLAS L CEERB TR 2 o8bigE L

See-through deformation experiments

1970'a —
early 1980%

Establishmen! of the experimental procedure
{Means, Wilson, Urai, Xia)
Prediction of the steady-state folintion (Means)

l

1980's

- Origins and ¢l

- Observation of GBM and LPO development (Means, Jesscll)
- Dynamic recrystallization and shear zone development in
polyerystalline camphor (Urai, Humphreys)

- A series ol' ice dcformlllon {Wilscn, Burg)

of

2 {Mecans & Ree)

guasg HPAD splog oy

L] //

Dynamic recrystallization: process and mechanisms
(Urai et al., 1986; Drury & Urai, 1990)

N

Instabilities in the rate of
shear strain (Knipe, 1989)

| stcady-atase foliali

lAn_'

(Ree, 1991) |

| Other new trends ”——

Fig. 3

ments.

A flow chart showing the trends of research of see-through deformation experi-
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LTEBMBEAIGEE ShT& oL, @248
ThbH. BINEEAMEIINT 2 E0EBROR
BE, doriHRLEESRE. FLT,
F o OB R L, Means (1983), Urai et al
{1986), Drury & Urai {1990)% Sic&EH S nT
WHDT, FhbLEBRINIV. RIS
LRSI TCWA T L2, BINEESRIZE,
ERRBPERI-TTL, BEREHEATA
il 4 DS OBE I ERT D5 Ly,
Thbt, BEEESE 0K A7
9, HLHVIEREFRKE 2720408k
720, EVo BRI s TwE L L, &
AW, BRekd LTOFSEMHE R Y
BENIT BRI TWE D, Bael
& LTOREEE I, BEICEF LB bER
S %\, Means (1981) @ F il L 7= steady-state
foliation %>, 1§ M (1982) &) steady-state micro-
structure & W o 72 b OB, ERIZEET A
EXFEHEIN-DOTH L., ZOXRY| DI,
Ree (1991) CT—R#E DWW/ L ) Th b,
ERMERERDSL ) —D0mh L LTI, #
IZBIMER I BT 5, EROENREELED
SRR b SR L OB A, &
DFEOFEEEL, Knipe (1989)i2 X Wi R T
Lisle, AFEhAwRIEERIC LV, KE
TTHEAETHRIZEATAD S L, 4RO
ROERIHE N ETHTHE.

KRO—# 2 AOETREVRO
EEM BT R

AEITI, BHRERERO-FL LT, ¥£F
LOTRVD0HZEREBRAT A, i,
BED) 737 - EREET, 2HORE:
RELGUEMSEME T 5 %2 5 HEETH 2 (Otoh et
al, 1991). EBOHEIX, EHIWEREO
GRRBODFNAEER L, FhICHE D
HEORWET LI EThY, PO
WD TWw B,

FREAOHENFENL, R —Eroh Db
EO0O—#/ ZHEMEROBREE L LIGE
NLZLHBhor. LB, (NEECH

e L~ ML LTV ERE, 28
DEogmhrbi ), E—ghroibhE8mt
ESHENBER L EATWENESE L LN
B, 3 (2)HRRTHE, EMERER%SLE
WHMEEARI - TWwWE EEZ LD,
HWMERKFOERONFENERHE L Chhb
NEEZLOBHEAL TV RW, 5612, (3)
VD DEEH LRSS L L DD (Burg et
al., 1986; Schmid et al.. 1987; Jordan, 1987; Ross
et al, 1987; Hiraga & Shimamoto, 1987; Ree,
19917 &), BIRTERICHE O S O 2581
DWT, TLETFEMES STV E R
Ao, Db, RAFFES FiG LB CH .
FITEELIL, Ay ran TR, (L
HOCP LT 2) el EDREME, )7y
ToEREE TEAWKAR S €/, OCP &
Hh L T, OCPOE R 2H S v, Fig,
4 (Bons & Urai, unpublished data)iZ, W{L&
M d R L PR oOTERRE E A OlE
Thbt ZOELVDLIBLHIC, FLEHRE
T, MEOBBEDOHFEFOCPOENLY
2HERRKE .
ERIITIPHEEICIOWIEENITH LA, o
ITRTP22 ) EBIIOWTHBLIZE AT
H. ZOEBRL, OCPEfERE ~2SBESL,
FERT, 1L.8X10 % 1w A EHE LR S
#Fb0THL. ERMORE L, FHER

Strain rate (™
102

®  Octachlcropropane

1034

104,

105 4

1064

Differential stress (MPa}

Fig. 4 Log stress vs. log strain-rate plot {from triaxial
compressional experiments of octachloropropane
and camphor {Bons & Urai, 1990 MS).
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100 m BOFHOESHET, OCP, #iiis b
ENFNEEOERZ» LA LESnm B ko
“B" % L TCwv5(Fig.6-2a). TP22Cid,
EERETERCHE AL HEOEL L,
HHEEOB{LLoFIRIc 2T EZF— L
7.

Fig. bai¥, TP22 TOHEROMETIMD HF
BEOEEEPRLETZ 57 ThE. ZOFrs 7%
Rz, S ERafcEibr Bezig, 2
BROEB{ILERLTWAEI Ldbd b, HUO
WALIIEIMTENO 1T T 0, WRTEC.6E T
SRLHERTTHHESTLNE, Bbkog2
BB IS, MIBTEO.67 L2000 TW < 0 ki
5 BHRMZETERE - ZBOFENIN%EI
h. WMEE0SLEHTIE, WEAMETEIER
s h, EREEERENGAMA VLV
.

FEELI ) R o E o £k, X
DXk B (Fig. 5a; Fig.6-2). BN
G LD, HEOMNBOR ) TS O
BBz ElERL, HEFISHBRELS
(Fig.6-2b). BUBIH 120861 .5mm FEEE C, BN

a)
Load (kgw)

WATH, OCP, L SN EF B umiZh -
Twa., BIbOFE 2B/ T, BHIZERSA
7-BURFE ORIBIZ, OCP LERO B A
ELTTA2HRKBEN B IIREBET S
(Fig.6-2¢). #IRHEE DHARIIL, MDIXTIHIF
A DR LA, KREIIHITE & AT
TL BT ZOREFEILENT S L,
H2BRRBrosibil, MIREEOEELE DI,
BIZEIT T ~NPBRIND B LS IFBRTSH
HrEZOLHIL,

206 % HEatERE H ORI S8,
T TlZRoss et al. {19872 L DfmE ST
4. Rossetal (1987)i3, S WBAHEL6 ¢
4OFETRE L EH Y, BHERSEL.
FOMER, RHERIO N ERREF R L
7oA%, HRITHEIDATRIZIKT L, FO#kis
BEDE VBV LAV TOERRE T T4
X 9% 5 7-(Fig. 5b). Ross et al. (1987)iZ,
LERHE OMMBENIRTEREL D, Lok
BRTORHEGIRESEOREE, BE~OTEE
HTHLEHRTTTWE, ZHOEREEY
ONFHHEENL, BRSO ZBEN—E -

100

Ditferential Strass (MPs)

Shear Strain {y)

[ Ross et al. (1987)]

/2 Halite + 8 Anhydrite

. 6 Halkte + 4 Anhydrite

- .- Pure Halite

T T T
1 2 3

Fig. b

4 5
Axial Strain (%)

Load-strain curve of a large strain ductile shear experiment of a octachloropro-

pane-camphor mixture {(a) compared with the stress-strain curve of shear experi-

ments of halite-anhydrite mixtures (b: Ross et al., 1987}.
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Fig. 6

ERRRMAOEHERER

1. A ring-shear apparatus shown from the top. 2. Microstructural change of the
specimen TP22 sheared on the ring shear apparatus (Fig. 1) at room temperature
to shear strain of more than 25 {scale bars =3mm}: 2a: starting material { ¥ =0),
2b: average ¥ =0.5, Zc: average ¥ =12. 3. The microstructure of the specimen
TP10 sheared at 70T to average ¥ =10; 3a: normal photomicrograph, open nicol
(scale bar = 3mm), 3b: unwrapped image of Fig. 6-3a using a computer. 4. The
microstructure of the specimen TP4 (room temperature, 107 %! strain rate, ¥ =
19): 4a: normal photomicrograph, open nicol {scale bar = 3mm), 4b: unwrapped
image of Fig. 6-4a.
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Twh 5 L.

FREDER* X DBRTCITR Y &, TR
EREHLIVBEBIZEEIERAYD L.
Fig.6-3 ik, 70C(=0.8Tm) COEBEETH
L, BREFLRL D, AREANORY S R
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bOERLONG. T, HIITIIHHH, HR
BWEIEMT L LS B (Fig.6-4), s,
BRI BA 2B BB LT, A%
L7l EDERBEMIZIE R > T, 4
HBORET, WAL T AERELLEA
3.

Bk DK@

wils, EEOMYBLEHRL L LIS, A
OEHEREBOBN + EHEHFIGLLTEL.

(1) EHEWIHEOL 4 oY L Rigs
EHOWIRLEHI, SAEEWH % ring
shear apparatus CTEBSHTERICETLH
ErfETAILICL), ERriToLAD
Vo%EEEL, MHEEORERARERANLD
ET AR EADDHLE(EFy AR, 2

Fle FK).

(2) ZHDPLLEERDLF Y~ LiGHE
BiE FHrL L LERLR WO b
GEld, LFadANEDELRENYE LD
#, FLTEEV L E ORI RS & - R
ENTVELDOPERLHRIEATHE (2
FLBRR, Z2a—7NrZXq 92K,

(3) ALF B HEES P ERIIRIT TR
s sy ¥ R ammonium thio-
cyanate DHERE L, WHHIES LLRERD
EREREIBEICHED LN TS, BEH—FEMER
(O TP RKOFLETESE )5 T 58D
ERELRALNTIIVWED, RICEENERE
BEHATEL BV, ERSRICIEHET
fELEREAFXEZLAEN TV ARV (2 —TF -7
MR, TF vk

(4) BEREBEOREEE | EHAORRR L

®

ALWBEEERIND»? B, BRE
DRAED S, BRREOYERESNEORERE
TEEID? Euo2WIES, £ OWER
BiCTHEDH LN TS,

{5) Annealing ®R5E | Annealing O BHIHE
EhL—#ETRVEL, MrFRE5(ELE
IEFTHERAANHETNOOHE(Z -2 -7
Mrk, U—XK).

B AR RO LIS T, TAA,
Z a1 — A — &I KD Win Means 303%, +—
AFSUT, BF oy Lo RKEO Mark Jessell
+, BIUAFLY, 2Lk FKFEDPaul
Bons Wi+izid, M4 #em - #HFOR 270w
fr. T AR, CEAEAEE (R
E-504740435 8 & UF05740314) 0—#8 &, B
HEHAOHERME S HHIE T Y
fo. ML TES#ALET.
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