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Abstract
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FREINETTHE SN TR,

FTT, AWIETIRY) 7IVZA LTD CaO-Fe,0; RICH
JB3HINVTTLT 254 MOEFSGHIER (a) Eill XRD I
K BENEE DAL D in situ BIZR, (b) L—Y —BEMEEIC
K B PHREAR D in situ BIZUT K DFANTz, £z, ThHD
FKERTHEONIMRICE D E, Pkl Is 0k HIZRE
(CCT) HAFRZHEZT %,

2. RER

a-Fe,0; (99.99%) & CaCO, (99.99%) # 3 ¥ K %
a-Fe,0,:Ca0 A’ 90:10mass% Lt (Fe90Cal0) & 7% % &K 5 I X
J Uk E X MR WIES Uiz, Fe90Calo 38Uk
THER & N2 WY R PSSR TS ARIC S § 5, 5
ICHWTz a-Fe,0y & CaCO; DRI TH 1 XEZNEFNB X
ZF12BXU23um THB, ETOLRACBNTE, K
7% Fe,0, Zhi T+ (B mm) 3 Fe,0,, CaCO;, RGEBXT
=7 ADMMNCEHDON TV S, BEEZ RS % HEH0
{LZEHARIE T B D Ca0 R Fe,0, DK E M RIS
HT, EOXSRKREINTVEINICKELREFET %, 5
| DFFEHE, Fe,0; AL T D FBFHICIEIET BB E DM
B RIS L, Z7OvAE TSR KL RG
WEITT B XKD IERE LT,

2-1. 538 in situ X $EEBFE

AL T Tz il XHREHTE > X 7 L (Q-XRD) &
(a) XHHE, (b) XA TV w RETvILT LA,
(¢) INBYFIC X O K E N, Fig. 2 IZ Q-XRD DYEHEHRD
R A RS, ASXHRFEE U T Fig. 2(a) IR REBEX

(a) Rotating-anode X- ray source

Specimen

_;(_

Area detector
(PILATUS®)

W-C layered parabolic mirror

Reaction chamber

Specimen l

Area detector
(PILATUS®)

(b) Synchrotron radiation

Si(111) monochromator

Reaction chamber

Figure 2 X-ray geometry of the Q-XRD system with X-ray sources of
(a) a rotating-anode and (b) synchrotron radiation [14].
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AR ([EIEERBERE, Co Ay, =0.17889 nm) 3 %\ i Fig. 2(b)
VRS (4=0.17889 nm) 7 Tz, AHXEROE—
LY A K& 0.5%2.0 ~ 0.5x1.0 mm* & Uz, FUEHEZE W
7z Q-XRD HIFELE, T %IV F—hE AT 7o B rs v e
MRIRL 2R FE AT B e 22 iR (KEK, PF) @ BL-6C T
LTz, A XHRIE Si(111) AT/ 7 a XA — X TH
fkl, B&a— FENEMEBMI S —Z2HWTELEL
Tz TR AN Pt & — X —#R7%Z F W T g 72 3R iE
Ufeo MMBUFOEMICIEARY VU Y LEERY, BAHL
MR 350 K DL FIZ72 5 K 2K LT W5, JFADSE
FIEZFLET VI T OWEM TEY, BEMOEMICE
KBFRET 4 )V E =723 TEE 5 pm D=y 7 )Ltz H
Wiz, (Rl R X BREZE V2 EETE, BURAIKEIC
REFE NS XS I XIRFEB X URHERZEIE L, BEHeE
VB A, A XERSH UINEFZ 50 ~ 8°
FCERE Ui, ERIROBRIERADZIMNAZ 275, MARHAR
ZERRIE L C 18x10x¢t1 mm O HSBHMAIRICFIEL
oo ARHIREKHTEIRD 5 1773K F THILHEE 5.0x10™
K/s THIEAL, ¥HELEE -8.3x107 K/s F 7213 -8.3x107 K/s
T 673K XTHHAIL T, FURREE IFFRASRAIMICRE L
Tz R BUBVE S CHIE U, ALO, My RO EBDIRE
ZAIiC K O ARIRMERE & OREMERZER LT, TR
EETFoTz, Z XA TV w RETEILT LA K,
PILATUS100K® (¥ 7 ¥ )L 4 X =0.172%0.172 mm’, ¥ 7
YV E487%195, 5 %0 i FE =83.8%33.5 mm®) [15-16] & /1
A FE 200 mm DN EICERE L, 20=23.5 ~ 46.5°, Debye-
Scherrer Y > 7 Ol & A p=10° OHiH D B 5 7% ZE
IRFf] 10-20 FYCHED IR LR L7z,

2. BiniESaRR

L5 kW NBF VT Y 7% 2 FIBE U 7z RoMngde & 3t
BN L — Y —EREME T HA G DIk D
FIRBEMBT R EAEE [14) Z WV T EIRBEMBIEE 2T -
Tzo ARZEEIZ 1770 K £ TOERINEL, £500 K/min TDH:
FEIR LRI 35 & OF 0.3 pm DALE /) RAE T OMIRRBIZR A A]
BETH %, AWIZETIX, Fe90Calo ¥y A itk 50 mg %
5 mm®*5 mm" O Pt BIAIRTFIEL, Ar-0,20vol%) H A7

O— T 1770 K £ THEAL CHRBZELICRE LizD b,
[EIEIEEE -5 ~ 200 K/min TOGEHBEEOHBE S AT
Too AUEBEBEOH AFNEHET ST ik D, pﬁﬂb\
HAAT BEEICBOTEEMMGOZL 2 HEIC BT
T &k,

3. ERER
3-1. RIBBRRICBIF B RIG

Fig. 3(a) IC Fe90Cal0 7 Sl 5.0<107 K/s T 300 K 7
51773 K £ TMEA L G560 FRBEEICE T % XRD /8
B— 2 DIREZEAC RS, T OFIEEIZREERS 7o X
D 1350-1600 K DOIRFEHIFAIC 1) 2 FIRHEE D 1/4 FEEIC
YT %, FIGERICBWT, KRBT cldhirio
EARPLEIC & O RKISDETT U, HAF T 2 HOREE & EH

S U WAL
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Figure 3 High temperature X-ray diffraction patterns measured by in
situ Q-XRD for Fe90CalO (a) at heating process, at cooling
process with rates of (b) -8.3x10™" K/s and (c) -8.3x107 K/
s, respectively [14]. Abbreviations of phases are F:Fe,O;,
WEF:Fe,0,, C2F:Ca,Fe,0,, CF:CaFe,0,, CF2:CaFe,O,,
respectively.

WS %, T=1355 K ICBWT, BEAITLEODSEE D+
IR, ZEMD CaFe,0,(CF) WM KT %, E5IC
FIRT % & T=1529 KT W T CF H & a-Fe,0, (F) B i
L (CaFe,0,+Fe,0,—CaFe,0,), CaFe,0,(CF2) #1 A% 4= K 9
%o FlMMHERIC K BNa— 32— SN, Wi
RIS X B IEECHEE DMK IS ZEET Z L EZ 5N
%, EHICHIET % & CF, CF2 BXU FMHIFHWICKIG
L, T=1557 K IZBW T E FHOEFIREL > Tz,
CF+F—CF2 35 X U CF+CF2—Liquid(L) D )& hnEAis
JEIEZFNFN AT pipnc*=85 K BX U ATicr1'= 80K TH
o726 TT T, AT, ¥ I FMEAAD B WVIFIHHIEHF Y ICBNT,
RIS A—B DEC BIRE & EHREOThOREE GHm
B D 0VIHESENERE) XL TWVS, T5ICT=1678 K
BN TFHIEE (WE) fHICHIER U7z, i Fk
BREXDEATKEWVRETHS UTw=47K)o TNHED
WINERE I — I FRREE, HREMEOR YA X, B
KUhFDRAIRAEICHKATFT B, o-Fe,0, 35X T CaCO; D
WA Z HTIRAS UTHVIEGA, ILECEE DR 2T/
T GEMAREIIFITFEREEIC K DIREZ L EZ BN S,
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3.2 SINBRRICH T A ERIBES S UHEEOZE(L

AIROBINC X B ANV I LT 254 F DB
DT, Q-XRD BXUERL — ¥ —E&EBEMEIZ HV
Tein situ THEL " 4T 5 T2, Fig. 3 (b) BX T () FHFE
FELAZ Fe90Cal0 I DWW T 1773 K TIARL®E, SEHEE (o
-8.3x107"'K/s, (d) -8.3x107°K/s DT 300 K F THHIL
T35 B OIS ELBRED in situ X FREF/SZ—>TdH %, CF,
CF2 & FIXIZIFFAIFICHTH T % (L+F>CF+CF2+F), K
Do IR P 1 A GH BT -8.3x107 K/s TUE T=1483 K, i #1M
JE -83x107 K/s TIE T=1491 K TH > o TN B DG
MRS CORINRIE (1499 K) &L EnZ
N-16K, SKEWHRTHo7z, TS DImHERES
T, CF, CF2, F T XNTHELYRE D, 513 IF [
RHCAERLTWS T e h 5, CFHEliD SEENET S
FSHY, T<1428 K OFEKTIEL T % £#& 2 5N B BEHEKIE
CF2—CF+F [Fig. 1(2)] XD &BRATH A 2 RB LT
%, £, WL CF, CF2, F DIEEHRIIZBIRETH
HILUTEELAVNE o Tee BERHRO T T 0 R BT
% WA TR I AR & LR U, AW O EERE XA
HOA—RX—THBT LZEETSHE, Q-XRDICK S in
situ TR ONTZHA, BB 1480 K-1500 K OJf fE HIK
TOHNYT LT 254 MERKISOBIFHBIRN, 2iE
Tt A THEKCIF SN A PEGHAICE E NS HOME &
HBFICRERFEZHZTVWBEEEZ LN S,

EHRIRAEIC BV TC, L—L+WF OFHZERE 1733 K TfEC
Zh, WHEE -8.3x107' K/s 35K U -8.3x107° K/s THELY
MR Z A LIS, TNFEN, 1483K, 14991 KKD &
RO MEE T IXHB R EITRIE S Nah o . TOEK
EUT, Bl ST 295D WF B XU FHEMEERT,
MHEFUL R TH BT EBIFENS, #oT, TDES
AT OME ONT Y 72 Z TR EYIRRIC BN T, K
AR RIS 2113 2 X i L — Y — S & 2
Wiz in situ FIRKBISHN 20T 5 T LA EREE RS, A
W25 TlE, Q-XRD I K A5G DZE by, Mkl —9
—PAMBIIC X B HHRROZL DT /5 D in situ BIESHEREES
LT, HHEERBOREZIE LT,

Fig. 4 I3 E () 33 Ks BX T (i) -8.3x10"K/s
DEMTI1T0K D5 300K F THENT 2 BETHIEL
za K} Fe90Cal0 I 1) 2 ARG D —H THh 5, (1),
(D) OWHGEE X Fig. 5 PIC/R Lz Ic s LT,
Fe90Cal0 Z 5T % & L-L+WF DRI K D, B
A 5 WF OFHIREE ST 5, SRIRKE SIS S RE
EDAZICREL, ZABZEKT 5. Chidx Tz A
FRAE RN fec HETH B T E LML TWVD, iz,
T OFE TR E ORI L+WF fHIKIC B8V T, (006) A
5 ORI E NTAR E XIS L TV 5 [Fig. 3(b) B
XU © X7 x2A MIKIRICDWT, WmHIEE O
-3.3K/s DB E DOMIGENRE AT, o (i) -8.3x107 K/s D
BIBERE AT W B ZTNFN-63K BXKU-36 K TH
Ste EHITHINIT S L, LtWF-L+F OZHEHA X, 3-8
BOMICY 732 A FOFERPKELT, KEhAvX A1

BOEDWIEN 5



Figure 4 Typical microstructures obtained by in situ laser microscopy
for the specimen Fe90Cal0, when cooled from 1773 to 300 K
with rates of (i) —3.3 K/s and (ii) —8.3x10"" K/s, where cross
symbols with (i-1), (i-2), ... correspond to points shown in Fig.
5[14].

k OISR FDIER E NS [Fig. 4G-2) BE T (1i-2)], 1HH)
BEEDHNEA () -3.3 K/s T, Fig. 4 (i-2) IZRT X 51,
Fr U7z ibi - OIIRIE ZATBISEV,, —77, EBUWLIGH]
MRS (i) -8.3x107' K/s TIF 5 N5 KW ORI ELg
oo & LREANR SN, X, HHBREDENG
&, Mt L7z 7324 R DOIIRINNT 2 A hA\OFHZRE
FISIC Ko TEBICELL, E5ICENED DO YN =
A OSSR OEHICKE LTS VX LEIROERZTE
KT BlbEZI SN,

I HITIHEINETS B &, [EHH - B IS CF2+F—CF+F
WHEITT %, TORISIEATRD Q-XRD IZ & D HAWEIC in
sitt FEREN TV B, T ORIGDOMIBHER IS AHEE Gi)
-8.3x10" K/s T -16 K, WHIME (i) -8.3x10°K/s T -8 K
Thol,

4. FE7OERAD CCTH

in situ Q-XRD B XU L —H —BAMBREH O R L 0 E
B NTPERS I BIC 3B 2 MmN B SR E TR A1Z8E (CCT)
KO&EHWTERMWICHRET 5T kKD, CCT
KIS HIH OB DT TIIIES VSN TWS [17], 15
SNTe T — R FITHHREILD B TIEHID TD CCT Kz
YERL U 7z, Fig. 5 1 Fe90Cal0 0D CCT %R, (HELHE (1)
-3.3K/s, (i) -8.3x107'K/s, BXU (i) -8.3x107° K/s I2
V3 B RS — IR EE R 2 IS 2R R LTz, ERREEIC 35
% S L-L+WF, L+WF—L+F, L+F—CF2+F, XU
CF2 +F—CF+F O JNRERE it (&) TrRUTz, AT 1F
HHEE Y (=i, ii, i) OFMATHAI LGS OMEGHNE
EERRLTWS, MR OR) IR CHuE L IEF#isk
HTHHTU A D L>L+WF 8 X U L+F—CE2+CF+F 0
ROGIREZ R LTS, MREBIEIC K D RD T AT T2
RITR LT, 1, 1943 Fig. 4 1SR U TR BTG WG
T 5 KGR —REZ R L TV 3,

SEVER LTz CCT Kk, (1) FEDK G X O in Al
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Figure S Continuous cooling transformation (CCT) diagram for
sintering of specimen Fe90Cal0. Solid lines show the time-
temperature curves for cooling rates: (i) -3.3 K, (ii) 8.3x10™
K/s, and (iii) -8.3x107 K/s. Dotted thin lines (blue) show
the temperatures of phase trans-formation at equilibrium:
L—>L+WF, L+WF—L+F, L+F—CF2+F and CF2+F—CF+F.
AT, Y denotes the overcooling temperature of the reaction
A—B when cooled down with a rate of Y (= i, ii, or iii).
Broken lines (red) show those of L-»L+WF and L+ WF—L+F
under non-equilibrium cooling conditions determined
in this study. The dotted bold line (red) shows that of
L+F—CF2+CF+F under non-equilibrium cooling conditions
determined in this study. Boundaries determined by laser
microscopy are shown by diamonds. Cross marks show the
time and temperature where typical microstructures obtained
by in situ laser microscopy are shown in Fig. 4. Typical
conditions for industrial sintering processes are shown by the
hatching area (green) [14].
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Abstract

RIRHT ADHF TR FED—D DM & UTIEH SN B RIRHANA FL— 2Ly MRICEIE L, DN
G2 XFR CTIC K DF#INTz, XLy MRORKAANA B L— M, 253 K, KXUED FTH 3 7 AR L 7z
‘"TOHERI 70% ORKATANA FL— bR L TV, £, IricXLy hOXmE DML, ¥3 7 HTEE
100 pm FEEEDIKIEDAE Ty, BRI B 72 0 R RS & A o T2

1. FC&HIC

RIRA A NTIRBERE O — W bR ZHH N E D A Rl t
RThHENT ENB I —VigTx)VF—E L THAN
PERU TS [1]e RAHADIAEI A T 51 M1k
KIRA A (Liquefied Natural Gas: LNG) I X 2 Bk A F i
TH3M, MEREMHKIAA X (Compressed Natural Gas:
CNG), bZsHic & 2 WKL (Gas to Liquids: GTL),
RIRAT AW (Natural Gas Liquids: NGL) FDJEHEIC X 5 i
EFEREMFENTED, RERHANA FL—FMEZEDS
BED—D& LTHIHERRICR > TW5 [1-3],

FIRA ANA RL— b &lX, KT OIESFEREDOHIC
AR, TRV, TaRVEDRRTANTH A>Tz, K
I B U5 b AV 2 i A T el okfnyn (2 9 AL— bk
INA RFL—b) Ths, —MICITKR, &EDSMFTK
EHANSHRT B720, HER ETEKEET A— LD
GRS RAB T EICTEE L, FRCaizd 5 AN K
RYDBDGHFIFAZNA RL—FEMENS, AX
UNNA RL— FOBGE, RO 160 5D A X Zaf L,
Bz 273 K TIEIB K Z 2.6 MPa DL LD @ LM R TLRIE
Thsd, LhL, THOLRE (self-preservation) | 35\ &
l'anomalous preservation| &PFHINZIHGICLD, KEKUED
T, JKBSE FOREH TN AL L O/, HEZEIC
TFET BT EDAHSNTVS [4-5, HOARGFRE, H
ANA R L—rDO—EWN R L THECTKAIKEE>TH
BOXRMEZE S L THRETZLEZSNTWVED, Z0D
IKDFEZ AR DV TS M > TH R, &
NE, AR22NA RL— ORI ANA FL— D%
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EOKDIBEDFEN/NE W eodic, WUV O XHR CT Tl
BIDREETH O, EHAIDTMSFTIAH A7 Dtk
HAXODFRORZNHADMHNRETH S EHE
NTH 5 [6-8],

I XAR CT &, XD ZSE#E T 5B Z(bT 2100
D B1872 T % IHEBIRTETH %, DT H
MHRKENDEE, WHXHR CTIC X 2 MEDRE TR
JEZ T I BIRINEI D X #R CT I EEXT 1000 5L, E T
HY 9], RERAZNA RL— b KD K S ITEERD/N
EVWYE TEEOFAIDATRETH B [10-11]0

SN, KIRAADMz HigE U CHikiiE 7> > +
TR MROKRBRATANA RL— b Z28E L, ZONER
W& 2 A X BR CT 2@ U CiliTee ATFIEICK ST
AVHORENRZ R T XL MIRKRAH ANA RL—
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Figure 1  Production scheme of natural gas hydrate pellets.

Figure 2 Natural gas hydrate pellet at 253 K under atmospheric
pressure.
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Figure 3 Operating conditions of natural gas hydrate pellets.
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Figure 4  Operating conditions of natural gas hydrate pellets.

Table1 Main measurement conditions of DEI.
Storage period 0 day 14 days 93 days
Field of view 50.1 x 33.0 mm 50.1 X 33.0 mm 16.6 X 14.0 mm
Pixel size 25 pm 25 um 6.5 um
Exposure time 1s 1s 05s
Number of scans 11 points 15 points 11 points

Number of projections 510 projections / 360

degrees
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degrees
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degrees
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Figure 5 Variations of hydrate ratio with storage time at 253 K.
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Figure 6 Cross-section images of a part of natural gas hydrate pellets.
Storage periods of the samples at 253 K are (a) 0 day (just
after formation), (b) 14 days and (c) 93 days. Scale bars show
2 mm in length. Arrows indicate original outer surfaces of the
pellets. Ring patterns in the cross-section images are artifact
of X-ray CT imaging.
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- Molecular Gate Locations in Potassium Channels
:Dr. Crina Nimigean (Cornell University)
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* High-Energy X-ray Studies of Structural Materials at the
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