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Continuously Making of TBAB Hydrate by Using a Metallic Foil Belt
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This study conducted an experiment to make plate-like TBAB hydrate using a
metal foil belt and discussed growth of TBAB hydrate crystal. Wherein an aqueous solution
concentration is 40w%, only type A hydrate appears. From the observation of the process, at a
velocity of 1 mm / min or less, crystal growth is dominant. In contrast at higher speeds, continuous

formation is possible by nucleation-dominated solidification. In the case of 10w%, a plate-like
solid phase mainly containing type B could be continuously obtained, but the existence of type A was
also confirmed. It was concluded that this is because growth rate of type B crystal is extremely
low, and ice crystals that cause an increase in the concentration of the aqueous solution are
unavoidable at a certain velocity.



X C—19. F—19—1, Z2—19 (58)

1. WFZEBRME S PO &

WHARFIE, FEEEEMA~OIERPHFRFSNE S ORI TE 2. @V H Al % F
U720 A DR « B Hiify, EpE - B A R U 7= B EEl, BIROSEFIAE L= A
B - [FIEN 22 EREITF OGS, FOHTEH TBAB A FL— R, ®ET CTAEKTRETH
0, @SN B5~12CTh D Z EnD, BEAEEM ~OITHANHFREI N TN D, 1ERDKEE L
R L, MR R e fls 2 B o 7= O O AR /NS L, 2T U —IREETART D 2 ERE
STHHTOEWREE A TS, IS, TBAB A R L — MR ISR E DKM - % ft a N
WZHUY AT RFEDS B B T, T AR - 0Bk - IR~ OISR ST 5.

LU, @K ORI IR ARGEE NI ~DEE(Z /D Z 3%\, Z 0 TBAB
A R b— N, i - KRN R7e 2 2 FFEEOMERP BT 5 2 &, £, KIEREESOREE
IC ko TENSHERDOREDOEEMENELTZ 2 LD, FORBEBBRENEMEIC RV, RFRSE
DENDORBIRTHD.

2. MEOHB

ARFZETIE, XU I, BEREER &8 LzimEREED TBAB KA T % kK9 5 TBAB /~
A4 FL— MEREZBEL, BEROREENEROREEESCHE SR G X 2B L2 LN
T5. WIS, &EHELV N ERWEARTECT TBAB N RL— Fa2AER L, EEEZERORE
ERREEDBIZR 21T 9. T OB, ZOERITIEORIETH HEMGEEDRFFEFAENELS THDH Z
EERFAL, fifdhk RO RIS 5 2 B AR E DR BSOS\ TERMICIMMT S 2 & %
HigE 3%,

3. g ik
LLTFD 3 >OEREFIET DL THEZED .

(1) BhAr—V#5

X 1 ICHWEEZREEZ AT, LT 27 Uik E TRTZ AROMIZES 0.5 mm DO A~—
P —IZ X » TR B2 TBAB KIEiEZT =L, B 7 AWRDE T OHENE TH T AME
K OVKIAIR DIRE 2 B E S LA T O—EREICHRFFT 5. BARICE VAU TBAB /N1 KL—
ME, H7AREFRERET S, OS2 LS OHEMELIC X v REBEEIT-o7-.

TBAB solution supply tank Incubator

i TBAB aqueous solution
‘I“. Camera
| “.‘ . Glass plate

\ Polaroid sheet ‘

Acrylic plate
[TBAB hydrate crystals o
T N | P i
! 411 Silicon sheet

N § Oxing ® T type thermocouple
o Platinum thermocouple
\ = Observation area of crystal growth

Polaroid sheet
Acrylic plate |

Thermostaticbath| |

X1 Ay — et

(2) &EHBH LV AR

AREBROT-DICHIELT=&REV MEREEOMELZX 2 17T, 2AK0—F—{2L - T
FliIEENT=AT L AR EHE~L N (BEX0.1mm, E 150 mm, &K 577mm) 1%, A7 v
LB L 0 HERIE SRR S Z LN ARETH 5. TBAB KIRIEIE, ~L HAMAIT
ANCHET D AKMECT - S0, SN SO~V R 2N L THAERICE > THAHEHENS . BrERIC
BT 5L bO T (140X100 mm. LA, @HEIE EFES) T TBAB KW & Lk &8, ~L
Fe—EHET®ED Z & T, R TBAB KMz #g LT 25 Z ENAEETHD. ~L bk E
T OB OEEE ORETI1X, AT AKX VBETS. eSS RROEM (LT, [H
) THBZRLBHR L DICHOWTIE, BBEIEBIEA I AT BICTiTo7-

(3)  MERRBIRIRIC & 2k SRR A 3 A
T2 U NEGNIZEE OO DSy — FERE L, £OLEIC@BEHE Y AR
ko TAERSNTZEHEZRET D, FaNIEEZRRFHFBETAT v 7N EASEL 2



& T, WERICER ST, ZORT &2 LENO DO AT TIRE L, @ilE o0l R L7z BT
ZOREZFI L.

Incubator © Thermocouple
.
Plate hydrate ~ Stainless steel belt ~ Cooling plate
Thermostatic
Sub-tank
bath 4 Incubator
Camera B Camera\l
LED Light
Polarizer Acrylic plate ]
Stirrer TBAB hydrateu
. Heater
LED Light
Camera A
Tube pump
L\
Stepping motor Perforated sheet Themmocouple
- S o NN 5 b S 0 2 g ol
X2 @BEiEL N ERLEE X 3 g Rel 2 dE A
Patny
4. WFFEAR

(1) /A R Lb— NSRRI S o @i

EXNIEI D TBAB /N1 R L — MEROBEBGRZX 4, 5I12RT. XHIZRTREMIIAE 5o H
RAMRLUIMLAZ 0 & L, HBLLURERZ A T ORE S & OIREEZ WG AT L TRLT
WD, BIEND, AT A, B ELICEOYMIREMITERE LY, KBEBEICRDIEE, Fiz,
ZATBEYADHNZEDRGWENERL R AHMZRHOZ L ARSI,

t=11 min =1 min

t= 18 min

t =6 min

0.5 mm 0.5 mm 0.5 mm
(a) AT=29K (b)AT=8.8K (a) AT=2.7K (b)AT=54K
B4 R 40w% Z A 7 A B O RE X5 ¥R 10w%B HiEL O E

(2) ™A KL — MEdh O SEE

PLED X5 BEmfG D, F5MCB T DR MR EEREZ TS L. 40wtwlZBiF 5214 7
A OBA, ERENFROBRENMITE LN LD, REFHEIZRMICIOFTIRE -FE LR
5. LT, 10wt%D % A 7 BlE, EHENERE CHLZ & CTREEITE & HITKIBIRIEED
IR RAEL, REFEENEME & HIKRTFT 5. 22T, RERBEZOR D REFHEN G
VVEZRIH L, @BmELEBICTay FLEZ 775K 6 L LORT. WZA 7L HITBEE
DM E & BICRERENHMNT D0, # A7 AITRKT 10 EBREY A7 B L EVEE®R
ExEFOZ ENDD.

I
T
o L] <owen |
[ BTypeB
3
E_ A
E
e
gle
HEH
—m-
0.1
1 10
AT, K

6 H7AM LEEnfET D TBAB /A FL— Riddh O IR d

Q)  &RE{E~N S EMRER DL E S
BV N EFRAERIERE Z AV T 10 B L 40wt%® TBAB KIBKEZHBHEIL, —ERHET



L N EESTRER, FREOFEBREM TICB W CHEMEAZRIGAEETH S Z L 2R L. Hifk
AR DM 2 T IZRT. BREE L R S 1y, IS EIBGRE T, 2R LTV D
AWML TIE, B OIARALEFFIZE—TE, 2o+ o RESEH L CEMEZRITE
T AR RIRE L L, D — 5T, [EFHOEmMMEN LV NEENBEE TCET%IBT 5,
0%, EHEORE S A3 < B R EE 7 S b 2l AR R e e L M L7z, T ey hvh, &
Ve, i Tep T 513 M OEUZINEEIZ 225 2 & 6, KT o0 5 4 0 I T I30die A pR AT RE,
PO TIXEFAR RN ATRETH D Z L B HEHITE 2.

15 ¢ S e
10 E 10 E
5 Eiin —t 5 E é
¥ 0 E % £ 0 E e
5.5 & % 55 F ® x
~a0 £ &, 0 ~-10 E 5
15 ® ©¢ 00 00 © 15 © '.’%ox
20 b 20 B
0.1 Virnnynﬁnlo 0.1 V%}nnnhnhllo
(a) 10 wt% (a) 40 wt%

B 7 [EAE R R PTRESRAE (LIRS, X UFAERA AT)

(4) BEESCos OIS DBl L2

40wt % KRR O 38 foe A= Bk AT RE 72 SR\ 8 U D I 2 s 0 45 F i T B 5 W) > > O BLESRE R % 1]
8V T. Rk GRSy 2T 5 L, (@) TiE, MMOL RSk TH L DITH L,
(b) T, MMBZLALNSG. £z, ZORMHITITHERBHFEL TS 2 ERKRTE 2.
A, LTI RS UL M EIGBRETE LW, BAERARETH L TEEL
FFEAERAHEL TWAZ EEZRLTNS,

10 mm

. .. e W P
(a) Vs = 1.0 mm/min (b) Vs = 2.0 mm/min
X 8 WP 40w % (233 1T B [EAH B S o4k -

10wt %D 22 TE ARG MZ 51T D EEE Je i OBIEE R 2K 9 1R T. (KHE TH 2 @ITEMHEN

TRTCHBLTWD, —F, EEHETH L O)ITBW T A®E T 25658015 (A 722 [E 48
ESDEET D2 L AR L=, Z OFBWHARBMIT, ~L ML EER2 KX <3513 C6ERK
YIRS HMEARH 7. ZOFWZEFAIZ, TBAB KW OFE bR EHE & e~ THisd T
KER2Vy, ~ 15.0 mm/min TH-UL b EREOHETHRE L2 &5, JKGd EHERI S
L. IBIT, KFEHEICBEINIZAVGIL, BRI X > CTKEKO TBAB 23 5 8
N2 LIC ko TEAR LT TBAB KR THB EEZBNA.

() 7% % 0.1 mm/min, 47 = 181 K ' (c) Vo= 7.0 mm/min, A7 = 19.1 K

X9 2R 10w % (23817 2 [EHE & Se i DRk



(5) JERE 10w% CTHARL L 7= [EARJE O #5 hh AR ALY,

TEEE 10W% 2B W THE UL Mk EHE W IR W AR L7-EARE O TBAB BE C %X
10 1IZRF. AUV REDEETIEIS DX R"HLH00, ~b hk D HEDOHEIIH:-> T
Cs A L, e KIBIREEICHIT L TCWD Z ENDnDd, &M T Tix, B
FEIOKOEIENERT D720 EHERIT 5. 7ok, BEAHBEITEY HL T2 8 CREICRT-
MTZKFEN, KON, [HIRENZBEIT 5720, BEfHENOKITEAE L, BEHE>O8ER, &L
IXEFENICHRAEE L TR T5 L E2 6N 5.

30 | .
25 e o H
% 20 .
15 e ! ®
10 | o
5
O L M R n L L
0.1 1 10 - : 3 4
¥, mm/min (918°C (b) 10.5 °C
X 10 EBE 10w%IZB i 5 EfHkE B4 11 YEFHA AR OO [E4E kg

TREE L~V Rk W

AR LT [EFE OfEEIRE A2 LV BT <<, Vb = 0.5 mm/min THRL72E & 12.63g, &K
JEE 5 mm FREDBEMIZOWT, HEE oI BV R RRE TR LR/ S8 CTRlfE L 7=
DT EBIE LT, BIREICB W T ERFMRE LZBEoBISER 2K 1IR3, B, ~
JVRIZEL TCWEZEN TFRIERD L9 IZENNTWS. 8 CRE CIXEMHE NS D11
Rond, ISICEMIBEEZ BRI T 10.5 CREICHAE L8R CHEAM O REN#ET 5 2
EEMER L. 10.56 CITBW T, RO, B8 LZFEfHo TBABREAZRIE LRE, £
2 23.7Twt%, 36.Twt% Tho7l-. XA 7 A, BOFMBSIEE, BLY, @A»Hs, mE
L7ZEARIE 2 A 7 AR L7235 13524 7B THhHESZD. ZDZ LG, AR LIZEMIE
A7 A B, KONEHENOKD EREL, BEOERMETFTIEH D bODOMARILOREHZ1T>
7. UTOREIZE > THEAEET VEAMHBEL, HWEEEZR 1ITRTEEDTHD.

D I Z A 7 A BWTNNCERVAEND (W4 A 71289 DA R EE Tl mic
WT D DOFIZIR D IAEN D T20)

) KESIEIEZ DIREEIC IS T 28 LT= ¥ A 7 O TG B T MR S L %

iii) AR SR i ] CORE B ENITA Uy

SEMRAE 2IRT. Mk e LTIE, 24 7 BAKbE<L, KEK, ZA4A7ADIEE 72>
72. 10 wt%TBAB /KIRIKIEEEIZHWT, A 7 B OEEAIREN EbEWICHEbLT 20 k
HIRFER L o = DIE, R E T 2 KIC Xk - THSEMGENIAEL, #4147 A BERK
L=tz EHER 5.

F 1 AR L 7= PEAE R O SR A

Congruent melting point concentration of Type A | 40.8 wt%
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Type A equilibrium concentration at 8 °C 17.3 wt%
Type B equilibrium concentration at 8 °C 14.0 wt%
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