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BHACHZ AR DI VAT v v A DOIUDFE X LRI T 5, Ik 6 HOEMR B X
bbb OBIE L, #K, KO nt~T OBFA R LIcL DT, ZHhIZDOWTULET

kB,
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/o"L Q=13 Keal/mol.
S L
§ 0 B
L Q=46.3 Kcal/mol.
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3
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F ® Pure ice
L O Snow
A Saline ice
L O Seq ice
7 PO 1
T(K) x 10
R e
T7e
HE6E MKk (A RUMOERK B) wowvTtBbRK
IR & M kR o B

III. kDR EBHMHEE
1. #Xko#EiE

PRIk~ R, RAOUBKIMOK-Co KK E Rie b, MOKERBLO e it @ho 7
FAVHASTOBTREE LR b > Tk, EKOFEMEEDFTIPTA LN, KAN
WAKOBEE - ToOfMEEC O VL THLIBALTE I 5,

AWMGIRIVET LBESBHIN S EXHRBE AL, A THLESOFEMEI KR
BT s &, KECERO BN BERAEfNRO D 5, KA S hEOBE S CHEbI
% &, RO THKITRES M~ DR L M) 55, fikix NaCl 2Bl &+ 5 HER TH 51
BANC RN RS B« OB MIIES 2 & oMk e 25 2 LRSS OME
TR S NIRBR OGO T (c ) O, HDIIKEICK L TURITEES S D2 E
BThHn, BINNT H52R T c ST mEMER ETs > TfT <, 20 c il
B DAEANDOBRIED CTHGCEX TR OPERTH S, XORER LD - THR IR
AL, KO BRENMCESEEOB LT 528, Z O@EES B\ Hd 5 HE &
&40 (Constitutional Suppercooling) #5|&# L TKkOMEROMES 57c’T:E 2 bR T
VB, Thebb, K » T B KR BEFE, Tihbb, BEFRCE IR K
®L, EHEEROMICEES OWAKXILIATITL, KOBHRTILE EhiEKL, koK
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ETE-A #ko granular layer
TR W TR

£ TH-B ¥k granular U mosaic
layer o % I

#ETH-C ¥k mosaic layer »
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Bl ol T—¥is e S n 52, = kONMCH A TR T, Whs 771 Vi
Faz T %,

7 R R T ok oK (A, C X)) RUEERE B [X) Wi s cd, B Ko mENNE R
SR BBCEERS &R D TOMy & TIIHBEAHERIBEOHEN AR A, BEZOXK
JE¥R8 4513 granular layer (52 7 [X-A), O TIERD ¢ WM iziZ KT 7t - 72345 % mosaic layer
(B 7X-C) &%, granular layer 125K IR I A BEROBTH 20, £0 Rk
DR S BB AN ELZRATHETA I LB 50T, BECIREBKERLRVWEEL D
B FORGHEIE 7TH-A OKFEECR S A8k, fSEEIAEETECIS D vk
Mikokhdk s, ThiBEURC 774 vl SRTHERCH LT3, —JF mosaic
layer “Cii ¢ $AMZIT AR TEBOR OMOKES B2 BRI/ B O, oMk oOROMICIL & F
o> TER, FARRRHERELR oL EC 7 514 vlaXFA L Cw5 (8 7R-CP,

754 VRO R L Tn B DR BROBANBEHB IR LD TH 525 NaCl %
FERS & L, MgCly, Na,SO,, CaCOy 7 & DB L DG Bl H M5 FOMEMEEW T
BB, LIh > TEOPHEEXRECHR CEKEL, WENE <85 & MaREO KA L
TUEE 2 (KD TR R L, MCIRE,MEE 5 E k2B L CRELED, hELBRL s
Bo T ORRTREER O RS ORI L OB ENREOREHE YRS 5 b Cld TE
EHThb, FEbROIADTI - 7B T o WIKHIEIC X 2 fk o BRI E O RIE L5522
ThY, RBEHEC Y 2BEEENRS Wi, T7cbb, RO LEPIEIL mosaic layer D
% granular layer OfH & 0 3IF—HK75 £, mosaic layer Tt EE 517 & K FF 1A O IR E
0,00 =4 DEFHERD S 2 LD ofc, RGKOHBEIREC L > THELLET D2 &
B e,

IRFBOKR DT, WkOFEMEE LT OBEOMKGHSCHEIND LT Tkl
, WMCHEETS 754 VDG E T OBMEBHZY > TELVWHEBL T2 THA S
LRGBS,

2. MEDHFHERUCHEEOES

B I E TR, KORB L 2 MOFPALPIRER T IR, BEBVERL, ©
DEB#HOEMIFIAE C, & M%7 Conductance Gp ZAFICIE L, ThrbRABOH
- BER S FRBLR I, FMEEK 0 HRDT,

BHEFFEAOFERLMET B, BIAREE S 2RO oL B
AL T, £DOEREKV Conductance ZPET 5 2%, HKOBRICEBATZEHED 75 1 v
HEHEATVWDLDTE, ZTOREFETERREFE->TUETLLHNRD 774 vAEREL T
B ORBCE YR L, EHANEIRSECcHD, FATHECXEROBEER - AV TR
FoOREY 754 vefafL, AENE0 754 voRBEK WL, ZOFMEERLE X
WIRLICERe 7 7 ) v F 4 ML, NN 18X18X3em TH D, T DOMNEAT/E X 05 mm
DISX15ecm D7 v — A Ay FLELHABRLEZRELTCERE Lo,

OB AR, ThrEE#ECB L TRELY —5°C b —70°C & T i
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Electrode

| i
IF""TH“ ''''' =
e 44 1
1nn i
] Bl
iInN HEHE
I L] E
A I T i
A I .y
SN = W

@1.‘ =7 Drain-cock

S MWEHRT 2 YATA F RofBERR

DS FTE O L WIE T 7Y v FIRTHER 10 c/s 25 5X 10 ¢/s OFEIMR CHIE % 1T/ » 72,

B Gl Nk, Wk DS E 771 viROBSIEZ Lo 2 2D, ik
+, granular layer & mosaic layer 22570 - Tk h, Th L h R DEEXE O ENTHIAN
fe T, MEREFBINC T\, HiT mosaic layer (20 TiE, 75 1 YIS X BB F#:
Feflas B o i, BT NS EE AR & ACORISRAURNT A U T 2 N L, W A
KL 5+, mosaic layer OFFHL, LICILEEA S — v 7 BRCHVCCRE L —F40
Kk b U Licd ok, ERENTERX 4cm, I S5cm oY =51 vElox v
SRR DYEK (S=32%0) wHIc L, £ v 7 OREBEAERL CEED L HE Lo ATHXE 2
B, N FNEEFCBEEROCACEOFE AT H L CH 7z, 7ok granular layer O3 H
oW TIERROGEKD &M ST b DR 1FAH 2 & DERIL D » e O THEFICE KR E O it
Kt La o 8 THM S, RADLOLEBD TR (R EoRE 2y, Thr
VAV

chEDORENL T 54 vORHA Er b FERR & U~Mc B L CEEBCH
AL, HicBHi LB EETDD, RUORENL D7 74 vORMAEE <fedil, Zof
O BRI Bl 5T E DU K A AT IEA LT S e, COBEMA KR M B L,
—5°C b —T0°C 3@ - < WRIEEL T F L MTER 117 »1ce T A 1T -~ IBE T,
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Yo < &b S br ol b, (KIRIEOR £ AU ORI E AT I E L B
Eh i otc, —70°C TOMER /&, ﬁﬁ%@r %MU—NTKkﬁ,Mw%mﬁ&f
WTE A ey, ISR X 2B OREBOLCOFEL M DI, &0 REES, LK%
PEW D, FO—FL G CRE S A D o AT U, B0 el L CRERE D G
TrOEREES B HE LI,
3. AlEDESR

BT & > T & e M9k 00 B TN T 6L B OF I B PRI D\ Tl B o i )
E R 1 ke/s &of 10Kke/s [T L, T OBEEETO ¢ KU 0 MREIZ L - TEDBCA
b r0x B I 5, #9XN-A, BirBiEr ey B ks 17 mosaic ice O ¢ B ¢ O EH
P b o, A KT ESICH MR ORI FC, 2B KixERIC L ki E b h
Foab e b, C Ut SEERIEE DT T4 LTV % granular ice 1IZ2X3 5 4 D T, 4§
WA SR OB ) & ENINEE S O AR R e B iy, o NE DB W52 Ilc & R o
IR DT & RPN E DA U TIF< 2, iRl —225°C Kok —50°C {4

T : - - 1 -
[ } .
1S 1— 3 T T T T T T ~
Mosaic i . ! ” 3 B jw’
ce . S . o
(parallel application) . . Mosglc lce
e (vertical application)
permittivity \(]]I):g 8 permittivity Tke O
L 10ke ©
conductivity I&tg ; conductivity ke ®
®
s iy*
T 10t 10t
£
0* R P
£ E 0° 0w E
= € ) .
E= = 3 =
= 3
g & g
-g o
8 B
10° e .
: 10 I
o
10" I N ;
0 ke Iy
. \\'\p
it NP )
. I i ' . L i 1 L 1 1
Q --10 -20 -3 40 -50 " ~60 -70 0 -0 -2 -3 -4 -50 -6 =70
Temp. (°C) . Temp. (°C)
FIR-A #iXko mosaic layer 12 EiFiCilEE % EIR-B ik mosaic layer iZ BFICHL &

HIL a0 HER o KU G FIML o a o iR < RO S
WA o O E MR WH o o B R ’
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1B TA MR AV AT O 2 S B T B, X mosaic ice & granular ice & "TiL, fishkio
KESLZOEFINE L B - T B0, ¢ RO o OIS I3 RDONHREE O LMD L HifF &
NICBOEL RS e, L LAEFOB bR 2R IE, ASEEOmENZ L & 3EH
AR EL, VPRt —225°C RO —50°C THH, Licaio T, IRFORE TIXERIE
ELEBAIRIC o ROV oL A 52 BT OBEHE » T B ISR oL,

710, 11 Rer 120 A, B i3 %%}t mosaic ice & granular ice © ¢/ KU 0 O s
HERES 35 4= %~ LTRLA D TH S, 510 RO 1L BISR L HIEE O
D17, FEELZ L A mosaic ice DR OREF ST BHOFARIERTHLDT
HBH, KB E I, IR REROMME R L, g wdncinl tir<
7 EOMERFER LRE QKT & HRCBAT 5, Lo LB I —225°C RI¥ —50°C & &3
i UTHBEC xR H b, 3007 - TICMAETHEKD LG nh, 5K —5Can
BH—225°C DREBOMBHAEL 71— 7, —225°C i —50°C DEEROMBRE L 2
7n—7, =55°C LN FOREMOMBMAE 3 /- T Lss Licd 5, .

HIN—TTD ¢ RO ORERE Y
B, ETE 10[K-A D mosaic ice D ¢’ @
JRUERCEE & 58 4 -A DMK D% 1 LB L
TRE S5, —10°C vl Btk & gk o B i
Mg N5 &, KO T ke LI DK
JEBE I & 50 ke LA ko> & B Crx ¢ iR RIS
L TR ES AR R LT B, 1~
50ke/s O RPN Tix & DL 8025 4 22
Wis oy Bk v, S0 ORERICAT HRE
B RO AE, BT OB ERER A T L
Debye D43 #3011 TR CEME D 2 &3
LN, =5, ke —10°C TD ¢ DR
B M U R BRI OK 2 ] T
Db b, Foflis Debye B4
B & 42 < B e » TV BIED D TlEle <, & O
il 4 SERE < W CJHBEEIE T 8X10° 7k
3X10%E TR D R IRT, it D RIE M
Fix 102 c/s 73i 5X 100 c/s DEHTH - 72 hs
o S B, FRUTFOEBREST ¢ 4 L0t RN L
R T T R R ") fohs, LBl EOEEEIRCT ¢ 25 E DRI

Temp. (°C) WU T o o2 5 = & DRI 57278,
B v Addison, Pounder' oI LT 158% o
o W w ity —22°C gk o & 11 100 ke/s TH#y

]
10 . — . — ;

Granular ice
permittivity Tke
10ke
® conductivity ke

’\9\ 10ke
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©@es80
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3
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3
<

Conductivity (mho/cm)
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200, 10Mc/s T 10 L Bz D E D, CDZEMmB L L 7~ 70 & D)kt
IR VCHERMIC b s L ReNETHAH S,

bR I #ET, A MEORMY A B & ¢ ORPEEE» K M TR &<
Debye B4 km 635 o & wuli~fe, /b, Smyth, Hitchcock 12 XAud, ko il
7 2% 10 *mol » KCl %8 A 727301 T, —10°C, 300c/s iZ A5 & DAEHIADOEE X 0 4
$350% b &\, 120 E RSl L 7B, ERAMY S THEBOYE G, TR KORREFD
IZHEZGNL T EZ S RIbk b, RENT AR ARNMY O &I I L Tk
T2ERBMCIIZ LIV, b OWE Liciikiie s LT 1% © NaCl %5
ETDEDHBEUKTH D, NEOHEH D S LR THEOHE MLk kiThic » TEY
10

—

Mosaic ice N -5
(paraliel application)
Salinity = 13.062 %o
\ L e -we—"1
‘05 \

|_-as

/
10° ’_‘_/, ]
—

\ B
| -s5°C
\Q—ns‘c M -0
-t W 50 =]
N -1
~

-~ ] [ =75%
N ——
- 5% e ]
- — | /::;oi/
E—IS'C\Q -
\\ "~

Conductivity (mho/cm)

'y /4

\’SS'C
10? - —40\
NN
\’5‘% 19° — ]
\550 / Mosaic ice
J60C (parallel application)
w S == Salinity = 13.[)62’/..
162 i 10° 107 0 107
Frequency (c/s) Frequency (c/s)
A B

F10E #Kko mosaic layer i BIFICBHAHAML B EORIELY 25 4 — & —
ETAHER AR, ROSHEER o (B X)) o[t (uE
HEEEROFECAZBRETH » O THHTEHA L T W ELFRER)
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CEBEOFTEER TV AL AR, KR 7 51 vl & g - ThE RN FE o
BRRCHBLTCBDTHE, Lo TIDHEL 74— 704 Euthfy o B 1o AR B
i, KONBMCEROIETE Fh CUAESDIFECRET S 2 Ligivioy, ShayBRA
L—DODEREEL L TROBKAL > E2 5, H 10, 11 BT 12X o> o O FE iR Y
BB e, BRJAEIEKR Tk loge’ & logf & OCEMRBFRAH HBZHZ 5, Tihbb, d=Af"
LE ARG H D, OB YT F IO KBS E R D, LT T 1 VIR
Bo L VCETEZ S5 BEECREFTRAOE AT LD 2 2 &2 Fricke®, Oncley™® 12 X » T
HWEINTD, ZOFEELLHE L CL, EAEETO < oty 7 71 vlllRDTFE
L EFLGBIZ L S B RCTHAH S, D logd~logf NEMHETERIN B S D5

-3

10° 0 /________———-——5"0———
Mosaic ice -10°%C ———
(vertical application) 15—t
Salinity =10.932%. e ——]
25T
o $ 16
\ o
\ . _-77.5"0;
o \ 19 ]
\ -5 [ 1
= — 3%
~-10°C 5 -4o°c/
[=]
> \45“0* g / -45°C/
= . B e
= e > 6 Pl
E B = L —
& — =225 3 —
£ ey -5
\ “ L -60°C—"""1
\—25'6\ | g5~
167
| s
1% N\ S———|
10 Eﬁ\\
hY
158
-40°C
\45°(\
—50\ 108
10" & .\\‘ i
\ssc i Mosaic ice
“"N (vertical application
~] Salinity = 10.932 %o
107 w0 10t 10? i0° 10*
Frequency (c/s) Frequency (c/s)
A B

11 # ko mosaic layer i EEICTES XML B EOWEH 25 2 — 2 —
LT AFER S (AKN), BRUSMEBER ¢ BX) o RBERSESR
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Wk o ABE LW ET R LT B, : :
S SRR T e D B L, S OBEM T EOBEIS R TR R L Y,
10 0-B 2 B B2 fckRic, ¢ O JEEEAS AR TEL o o850 L Inghic —225°C Rot —50°C o
BIEA B LT3 20 7k — Zi oyt 45 2 & iRs, 81700 — 7ok it i
BB U CEEEL MRS A /R L, & ORRAR bR, LabEo
fifity 10 S mhofem FUEDE L { EWEEZ R L Tw5b, BEOKT &z Z oM@ 455,
—225°C €4 10" mho/fem BIEDETH A, O ENLEL 7r =7 ORER TILEEKIL
WHOERTIMEBEERL L), BULABRLER-KHPRVTHS S,
HOELWWH-ACHE - THEI /L —-TO/ERYRY 5, 83 70— 7Tk =55°C LAIFo

108
f

Granular ice T - [ _5-0-)
Sﬂ“nlt}’ =15.084 %o ——-———f—_'{'_
S S
lﬁpzfi::: : '—+m;:j
— - 20°C

| r—n.sﬁc R — |
| *S"C\J L 5t T I
N g — - "

“_f‘:l 5°C )
: \ N -0 -

(mho/em)

-~ "C
R \ L 0 I
s 5 215 C o __| [
= = |
£ \ . 5 —-40°C
5 — -
= ]
T W

. g b 45°C ]

° /

]0‘6 - /

-
65 Granular ice
0 Salinity = 15.084 %.

A\

%K.

TN

10° 10 104 10° 10*
Frequency (c/s) Frequency (c/s)
A B

FI12E %k granular layer OFESR 25 4 — g2 — L LEHER ¢ AR), &
ORI R o (B K1) @ B i R



wAROFHFERAVEFR T 5 019 147

IRIEEB TH DA, JILIEHE TIRITET, Fofid 10 OBE O chikofizir <, #1
BESBIEEEECHELTWA, L L@EREBCEE L 7 — T /s i » o iE
GHABbDR TS, ZO5HESHE 2 RESHREVES, B2 AESHMRO L EFER
T/, O RTEBE EhZEEOLOTHDH, Z0FE2 BRESBIRLEE K TIZ 20 Tk
%Kﬁﬂﬁwﬁ&%ﬁfé
HI0K{-BcaonE3 7/ - 7ORERFEAYR L 5, B3 74— T ERBER TR0

ik K THE <, 10 *mho/em BEDIETH 523, JAEB OB & i 2 ol 27 Bn %
FT, 0 DGHL C OFR MBI TS DA, SEIRIEREOKT £ & OB AR
RPN L BT T2, B3 7 —7TO & RO ¢ ORIPHFFELE 4 AR Lichliko ¢
RO o O S B LTV, o OB T b i Lk NI g o 7 5 1 ikt
T, EECHCHAOBEBEARTLOLEX LS,

B2 7a—~70 ¢ RU o o FEEEEE LSS E L 2o - FROE 3 s — T o
RIS A =T Lo LTERBTS o & AMkL 5,

izt 3 o 7 — 7D R ¢ OREREMIEE 11 ROU12 PUTIR Lo, &Y
FREE D E L < Ric% granular.ice T4 mosaic ice THHIZR LD Z &5, HMMESHO
Jim ek O EHOFTE L 7 7 A RO O E & ORI BA RIS F D 2 BRI
bid, TOZ L, EKkaMkE 74 YHIRORSHEBRTHL ERIBELLTH L,
BEFEAO BB FERIMEFEORE SR LT TREESL T, HEoBRCEOBEMEA
DHIHBICE LS ERENRD ERIUBIHEL T, BREBOMABOMT ¢ © 7 ioEN
Blhva o LV s ey, CoE CHBERNREEoEICL LT L Ry e oER
R R o e o 7,

LEDsEREY L5 E, WKOFERER ¢ ROEMEERER 0 OiRERHEROCBE KT
L LT, 1) BB MR —225°C Ut —50°C DIREAIC LT3 2oMIR S~ 7
ICHLT A RS, i) BRI ERELERC T 54 VESI R > TOBREITL, M
AR Eb R, D) & IR R ENEIR & & R 2 RO RS N S A,
HMERBFLZENHKL S, BREORLEIARSNEIZONT, UM EDEELT
T35, _
4 ¢ RU 0 OEEMBOEECEZBRICONT

Wi Tl <o, #okOFER & ROSRMEEEK o o MR O BRI Ry
AT x— =L LTUREOHEETERT &, —225°C RO —50°C 2 >OFERE T RO o
VRl A R R L GO, RIBEA S5 2 — & -k LTHEEOREE LTIRT 5 &
iy —225°C RO —50°C &85 & LTI/ 320 74— sl & h s (510, 11,
12 1), ' \
_@%ma;&J0@mweﬂru;%¢@%ﬁﬂkmﬁﬁ&ﬁW@~o&Lfif%x
BB O, EENEEKORPIRRCIRELESL DL 1E, WL T 5 &5 LR
DEBH SR LD, yﬁﬂﬁ%mﬂhﬁﬁ%ébtbbf,a@ﬁmmﬁﬁ%ﬁfém
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TIXfcw i ERIDBTH B, b L, ZOAIEl-7s LTh, ThEFEOHErLTO
KBz oW T, HABEIRMETRS LixE 2 b i, X, WEEECEREKIC LRERE
THEEA I ERTELRMIE Ao 1, LM ->Ton ¢ BRY ¢ OREREOFRKN
R AR ORERMIC L 2 LB I35 80, Lo b 2 OB ERE ©OR KMk
L ORKKDOFEMHFEITLE B Rich »fenh, ZOBHKQIEKCEEO LD L% 2
Lo Enmksn,

BLic iAo RIS, dK OB A S SRS L MDK O IR A B 7o B ESRRLE £ OB DM e
BT H LA B EKD 7714 v#lllas b hic»Tvb, 771 Y#lilsiaEite
Mo E L ClEkPEC A ML T 508, ik FHR ORI (i 3305 U CH 8 B ook 4 fil
fELCD, MEDHNECK A L) L CFRRES R > T3, 774 YOERIL NaCl
TH BN, iz MgCly, Na,S0O,, CaCO;y 1o £ D% L DS % &1 %M RO MBMEBE TH
Ly LA TREXTHF T E 774 Vi N SR R n £ R @R o iR L
Bt~ T, FOR SO0 G IERIEA R LT, HTE b 5 HE OB E T4 T W4 13 b
LCEtkE D, WhYLHHMERYE 2<%, RRDEKDO7I1 v Tk, TOMBOEH
30% % B Na A # vps —229°C ¢ NaCl-2H,0 oKW ol L, Wi £ 50
—B5°C Tk 7 74 vORSEETHEEE > THHLTLE S ZL28HMBIR TV 52 Ui
» T, —b5°C oIt AL OB E T3 7 5 14 VAR L TR TH v, TORELIRILE
BIZ X o T T 2%, A X b K
EER T 751 v SE T 4k & M;)\

fo o T B2 5, bt P AR TAER 9, 50
L7c2' - CHBE A o RFER OTZIR o
EE T ERERL cE LR D, i \\\
HI3RICHRD T T4 v MO ik Pre e et
HOREC LA By RT, RicRLE 201 N
754 RO KRG, FRECRT S
EEEENOFE IR L THD, K
MEHL AR, T4 RO KR
RIEDET &z 2B B+ 57,
FTORYORT I ER TR <, HHF
EOTRIE TR T ER A RN s, T "
edot, NaCl OFTHIRE D —22.9°C R i \\\ N of
O MgCl, DI HIRIED —43.2°C TF 5 \ N\
£ IO AR R B R, 0 | stette pous
o} -10 -20 -30 -40 -50 -60
= 1uix NaCl =2 MgCl, 23k & /e » THT Temp. (°C)
T BB, Thth NaCl2HO RO FI1BE MK 754 v RO KR
MgCl,-12H,0 o fffcfakidh & ¢ » T LR M AR (Assur o & %)
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Precipitation
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S SR U N |
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EEKE L bl - T 5% T T T ‘

MNP DR A3 i B 5 Messic oo (pureliel apphisation) -5
7 & %X)_ B 105 [_ o} permittivity 1 ke —? 1073
14 KSR D & RO o & i ° 10 ke i

@ﬂ(’ﬁ]%{“:/g ih% 7“3 /f y%_ﬁ”}@ i [ ] conductivity 1 ke
L @ 10 ke [ R
DEEHE OB, BEY T @”C
A= B =L LTERT S, W55 I 4T 1
IO AT, WHD 75 4 vt 18l | "
:I.Ol+ I 2 ‘l a 10
FHET A AL FolR R, + i © -20% U £
Y =
hbEIROE2 70— ST - E , l‘zzlsuc ‘ N
¢ RO 0 OREETE LAWY [ 2 ‘. Q@ 7]
DERAAL 77 4 v a0 FTE DR LE R g
P EREE TR B - ﬂj Ls0, §
t ff;l}‘j\b‘éo 103 OI %\‘ Precipitation 10-5
LEDZ &2 b kD & & @] point of XaCl
_n%
Vo DREHECRE B 200 - &30 i
-35"C
L, L2751 v oK - o o0 i
~40"C
» 30% w5 NaCl oy Hii - ]
o —229°Ciz, Rfto—-oukd eI | vorume of brine(®/o) -6
10 1 PR | 1 [ .| 10
754 Bk L T o TR S 0.1 o 1o
gl o> —55°C T 5 b o FUE BExX 72— 2 :THHKARO Y5 1 v
LEABND, LR R PR EBTE S ROHMBR 0 0P

HALAMBFEOR ST, BRKATCKHED 751 v g T haMClE I RO 2 70—
O R R L, KEAUTORE THL 3PP FEE LA VIREETE 3 /v~ T ok
AT T EE LB RS,

Fiebb, WKIMKLE 754 vORGFEETHE71D, TOFREETREREBRE
DT A VOFELC L > TRENMEELZITH 2 L8, HKOFEERE - TILE
i CREBLTB2Y, WK 74 vIRIBKBAOREEEE L H V- F - TREES B3 it
L, BIZBHOKKDY T 74 vOBFETHBKOHFH BT - C, BT~k
MEBEEEATRTOTHE, L - THET 54 voOBETHIRIER I, Wkoanit
DHFERILE OPICIEAET DI T 5 1 v 04 L BHCHET 20 THD, Lo Lin
b, 2HRNA—ETL 7 714 VR« DK E X PHSR B O M OB RN 358 i e
ST D, XINCEE L TS SRENH B,

5. T34 VMBOERRTERIICDONT

MWk OHHABRC X 2BE Tk, BARED 7514 v HFOE S granular ice Tix 3 %

TLHERCHEED 77 1 vlfan s /i LTV 5 4%, mosaic ice TixEk, PMREBERD 7 5
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1 VAl — RAMMEE L > THMLTHBRICE LD (3 7X), B TOR D 212k
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Summary

In order to investigate the relation between the geometrical structure of brine cell
in sea ice and its dielectric properties, the measurements of the permittivity (¢') and the
equivalent parallel conductivity (0) of sea ice were made in the frequency range from
100 ¢/s to 50ke/s and in the temperature range from —5 to —70°C.

The characteristices features of the dielectric properties of sea ice may be summarized
as followings ;

Two kinks were observed in the curves of the permittivity, the conductivity versus
temperature (Figs. 9-A, B, C.). The temperature of these kinks are considered to be cor-
responding to the precipitation point of sodium chloride and the eutectic point of brine.
These facts may be explained that the kink which corresponds to the precipitation point
of sodium chloride is derived from the discontinuous decrease of liquid brine volume and
the kink which corresponds to the eutectic point is also derived from the phase change
of brine from liquid to solid in brine cell. Therefore, the curves of the permittivity, the
conductivity versus frequency can be divided into three groups corresponding to the tem-
perature of these points (Figs. 10, 11, 12).

Two anomalous dispersions in the permittivity were observed in low frequency, high
temperature range and in high frequency, low temperature range (Figs. 10, 11, 12). The
first anomalous dispersion is observed in the temperature range above the eutectic point
where the liquid brine exists in sea ice and may be characterized by the ¢/=Af »®,
This anomalous dispersion may be explained by the interfacial polarization which is derived
from the interface between ice and brine of electrolyte and between electrode and brine
of electrolyte. The second anomalous dispersion is observed in the temperature range
below the eutectic point where the phase of the brine changes from liquid to solid and
the liquid brine is not presented, and may be characterized by the Debye’s dispersion
formula. This anomalous dispersion may be explaind by the orientation polarization of
ice molecules which is considered to be the same mechanism as in pure ice (Figs. 5, 17).
But the obtained relaxation time 7 in sea ice is shorter than that in pure ice (Fig. 4, 10)
and the activation energy Q in sea ice is only a half of that in pure ice (Fig. 6). These
facts may suggest that the interaction between ice molecules and impurities which may
exist in the molecular structure of ice plays an important role in this anomalous dispersion.



Hk o BRI T BB 169

No remarkable difference is found between the parallel and the vertical application
of the electric field to the brine cell in mosaic ice, (Figs. 10, 11) and between mosaic and
granular layer in sea ice (Figs. 10, 11, 12). These results may suggest that, from the
electrical view point, the arrangements of brine cell in sea ice may not be such simple
models of arranging in parallel and isolating like cylinders and layers, but may be ex-
pressed by the complex models of three dimentional network.

These considerations were confirmed by the obtained results from other experiments,
that is, the measurements of the characteristces of artificial saline ice which has a single
component brine of sodium chloride and the characteristices of the dielectric mixtures

which are composed of solid dielectrics and liquid of different conductivities (Figs. 19-23).



