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Rheological characteristics and CO2 separation behavior in semi-clathrate
hydrate slurries for fluidized gas separation process

Komatsu, Hiroyuki
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C02 Polyvinyl alcohol (PVA)
PVA CO2

In this work, the objective was to investigate rheological characteristics
and CO2 separation behavior in tetra-n-butyl ammonium bromide (TBAB) semi-clathrate hydrate (SCH)
slurries with dispersants. The solid fraction of the SCH slurries increased through C02 absorption
by using a method based on electrical conductivity. Dispersibility of SCH slurries with 0.86 wt%
polyvinyl alcohol (PVA) (mean degree of polymerization of 2000) was the highest amon? the PVA
concentrations examined. CO2 absorption rate in SCH slurries with 0.86 wth PVA was lower than that
in SCH slurry without PVA. However, CO2 absorption amount in SCH slurries with 0.86 wt% PVA was
higher than that in SCH slurry without PVA due to keeping the dispersed state of SCH slurry through
C02 absorption. In a bubble column reactor, it is important that the contact time is increased by
reducing the bubbles to improve gas separation factor.
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MFC: Mass Flow Controller
MFM: Mass Flow Meter
GS: Gas Sampler

GC: Gas Chromatograph

X 2 57e) B 7R A7 A BRI OB X

4. FFZEEE
(1) By 3B E 15 O BR%E

3IZSCH 27 U —IZBIiFDiktHE 2T
U —DBEBLSZELO L & EBEOEE RO
BItRZ "7, 7k, FEBROREIES R ITIEFED
ERAERNLHEH Lz, ZOERSICx L
T3XTRHELZET ML VMBI L7245 R,
FERE a1 1.4117 Th o 7=,

gh:ax{1+05¢—1}+1 ®3)
oy 1-¢

2.0

O FEBRRHa=1.4117 | |

0.1 0.2 0.3
EBROBE 03 []

X 3 ERARER & EE 0 ROBIR

A TBAB B &0HRIL, KETLEHWD
ZETRT U —OBEKIREE) S HER A HE
ThbH, T TRETNVOZYMZ TBAB /»
A R — N EH (Tx X)) JEZETT S
ZETIME Lz, M4 EDORE R ETRT, X
BRAE o oy fiRL B (11 kb 2 L EE DREZE D
FHEIZ 02K &, Mh—FK Lz, ZhEib
ARFEOZYEZMER LT,

8 T T _0____"
L34
PR
L U ad i
—6 4
o a0
& o
=4 T
Eé»‘»
&R O : WEE
2r & ks ) ]
. — SCRRE LR
0 4 O 1 1
0 0.05 0.10 0.15

I TBABE B33 [-]
4TBAB A FL— D T x X

# 112 CO2 @& D SCH 27 U — D[
R ERT, 2B, COzmxkstb &
T TBAB KIFEDEXILERIIIKTFT 5 2
CEHERLTEY, OB ENHIE-T
TR KT 21T > 72, WT RO
BWTH COz KU LV BB RN L
77 ZAUE CO2%Z SCH 2 HLV iATe = & TEL
TR EEN R L2 Z S IR L TW
HEEZOLND, T2, EBSREMEOR
BEARTEHEII R Z W E BB SN 5T,

5 1 00 2SI HY 5T RIE S

IINIREE  REE & oy 5 N
[wt%e]  [C] JEXEI[-] @KE[] (%]
9.0 3.2 0.143 0.147 2.47
9.0 3.3 0.150 0.156 4.09
9.0 4.3 0.125 0.140 12.69
9.1 5.2 0.052 0.066 26.48
15.0 6.7 0.177 0.240 35.46

IEOREREY, ZRETENTL LN
AT & o T2 [ oy 3R 2 IS A5 2
Lxwes L, CO22 SCH 27 U —DEHE
SYRICRFTRE MR T O TEUIC X
DA GNT LTz, 51%I1F COMESRMF T TO
[ T7 73 = TETE DWMESL 24T D 6

(2) SCH 2 7 U — Dtk

X 5 |ZFE % @ PVA UsINEE 2381 %5 SCH
AT ) —HEE O AWHREER T2 T, F
72, # 2, 3 |2 Hershel-Bulkley 2O AR &
STHLNTZNT A =4O PVA A7
& PVA EAERGEEZ S 05, PVA RN
TR 0.43 wt%DRFICERIS D3 R b & <
Tpolz, TAVTZERGHREENE U, BREMED
KU EZRELTWS, IR 1.72
wt% £ CTHERK SH 2 & AR oA E
VI L > TOREMENRE KL TLEY 2 &
DRIB I N7, EAFE 500 X° 1000 (281 %



BEARISITIEEAE 2000 O & & L0 HKVE
TholcZ b, wIHENEI DL L
TR CBINEE THARBEIRENEZ 5720
L ERMER LT, LEDZ E RV ESE
MOZBBRENE Z 52 WRERIMEIZB W
T bEEEBEIIRERNELNDL B XD
ns,

120
Herschel-

100 |\ Data Bulkley eq. s
—_ ]
@ \A Lo WAL
g 80 | ° A - PVA 0.43 wt%
= I @  rereenns PVA 0.86 wt%
= o\ B ---  PVALT2W%
N 60 r
i
= 40

20
0 ; ' '
0 50 100 150 200

H AW y [1/s]
5 SCH A 7 U —khFE D8 AU Wrd B (K 174

7 2 PVA RS BN KIE 9 08

EAHE — 2000 2000 2000
IR Wt%]  — 043 086 1.72
7, [Pa] 0.656 0.993 0.425 0.749

k [mPa-s] 442 128 171 371

# 3 PVA HE D RENRFIEIC M IE 4 %

HAE - 500 1000 2000
WINEE [wi%]  — 043 043 043
7, [Pa] 0.656 0.511 0.476 0.993

k[mPa-s] 442 890 960 128

6 IV — T EREEE YWD
SCH A7V —oii#hZ@Ehz ~d, & 4 ITF
Witz E b, EHFDE 12 -19 vol% D
REIX AR EE G OSSR (SN, 14 vol%,
# 2) LREThHoT2Z EnD, ZHRAE
ENMEONTZZ L 2R LT, BESHR 20
— 23 vol% DR IREARIE SIS 0 FFir & /h &<
20, =a— hUURIROEE Lol O
EXVBEmMICSCHMNEE L TW=Z &b,
AT O SCH 2N L2 ENERE LT
EZOND, ZHEYESE 20 vol% %
2 DGR EENE AR S 5 LBV A e
B L7z, CO BPHAF CTIT o7z & &I IRRARIES
TIMRKEHRL, EEEDHT Z & 2R
L7z, LML, ZOZEIIFER3E 20 vol%
PlED L& L TEY, SAlEZ AW
ToBR DU EARFIMEAE © B e D FREME DS RIR
STz, CO2 FEPR T DEE DB R IXFETE 4y
KWK LAMC L EZ NI 2D, 5%, Ok
FIRINEEIZ RQESME T & [k ICHRET 2
DOWMEREIT D,

7 T T T T
Gl s A
6 W ZEK 20-23vol% - A 1
—_ A ZER 12-19vol% /'
&5 [a co 14volell S e 1
S 4 r i Akt Lt .
"E },-,‘ N 1A
< i . A
L S A
'% s » N AA A I
A A
'-?J 2 //A,: _—
}l/‘ A
1 b A Y\
7
O 1 1 1 1
0 200 400 600 800 1000

AW E Y [1/s]
6 — T EEEEIZR T D i Eh AR

F 4 N—TEILEIZEB T D IRERE
KAHFRBHA 225 255 co,
B4R [vol] 12-19 20-23 1404k

7, [Pa] 0.696  0.004 2257
k [mPa-s] 3.70 10.1 4.50

(3) CO2 WU IS X OVH A 45 Bt

TICESFMHICBIT A AT Y —CO2 WRIN &
WZXT BN, KL— b CO2 WX EDEIE
Z9, Babu b OEEPHETIAERE (2113 5 %fE
ETHDHDIZH L, RERTIE 20 % & @
EZEZRL, CO RN LBEINTZ L&
B LT, ESHICTBAB AN RL—F 25
—IZ PVA RN 52 & T, WINEEAIE
25%LL iz R LT, 8IZSCH 25V —
D CO2 WIS DR 2R T, 72k,
COz 2y 0.14 MPa DO ZIEES T AW &%
0.100 L/min & L7, IBAHFT A (& 0.200
L/min) I[ZU10 2 TH6H 2 DIEETHRAY
ANEIN T T L~EBFEL, AT U —L CO2
D3Efik LA 6O 7=, PVA RIS C Bz B
WREL D COMIGEE N EHMIC LR L, 1
10 32 IITNFE E A EWIMBE T Lz, 2L &
» SCH 27 U —~® CO2WLILILH A 4Efih 1%
HOMNZBRMEEIND Z LRI E NI o7,
e KW SR 1 RO IRE 0D 5 3 K & Wi,
PVA RINEED J578 CO2 DI £ 1L
Mmol-, Zh kv, PVA I CO2 WX & fHE
50, SCHAZU—DiEEEMALHI L
o LTz, F£7-, EIESLM0.20 MPa) TliX
B RKWIGHEE VI RIFREE & - 7223, CO2 WL FF
BRI E T2 2D, ATV —D50H
WA MR CETCWVWD Z L 2R LT, KT
25:/£(0.14 MPa, 0.100 L/min) Tl Kk
POEFE IS T3 228, & D5y WU FHGERER 3
R b LMl LTz,



50
[lPVAmn Bmron W]

40

30

20

10

AR —MACO, I EI A [%]

0
CO,%JE [MPa]  0.14 0.16 0.16 0.18 0.20 2.40
TBABIEZ[Wt%] 9.0 9.0 9.0 9.0 9.0 15.3

7SCH 27 U —® COWINEIZKT D
A R L— ME~ORIREER S

9 IZIRE H A(CO2/No/He) Z AV NT= T A
BB AT o T B O EE R R ORI A AL
%9, He MOIRE T AZY) Y B 2 7= FERY
04 e LTc, EEIC L » TH O BERE
RINER D720, R U AGEREICET DR
Mz CH oI N%iro7-, JEH T AD CO2
BEIT He 2Fk< NeB X CO2 D 2 4y %
ELTCEHLEZ, " RL— MRIZBIT D%
LD, WTHOWRETH [ARET
BHoT-T=OFHZEY N2 2 19.4%, CO2 23
80.6% & L7z, WDtz B W\ TH ok
NRIIRERE M M & o LTz, G0 2 o2k
HENI AT U —~D CO2 WIS BIF72728
RV & 72 o 72, EDOH%IT IS 2
ECRIEEER /NS 7257280, DBt
BFR LR T LT otz E2RCT AW
HERFOSEERIIFRBRE TCH-T-Z & &
D, AIEE O S EEMERR TR B ITRTFE L TV
WIZ EBRHBLNZ -T2, ZHIEWTHOH
BIZBWTHRIBEORIARZE 722 & n
5, KIROBEBENED S o 22972
LEZBND, Lo THHEDIRE BT 5
DIk E /NS T5E [UROE
fFE A SR S E DM ERH D,

20 T T T T
it B
—/x—0.10 L/min
— 15 —o—0.15 L/min |
5 ——0.20 L/min
*\i 10 0—0.25 L/min A
%
B
Rl ox e
0 1 1 1 1
0 5 10 15 20 25

B[ [min]
X 9 CO2/N2 53 it Bh=R Dk 24k

[ 5] o wAWIEAPal, w: BRI F1[Pal,
kt ¥EMEAREmPass], y o HAWEE[1/s], nt
¥ErEfR 2], S B Sy BEhEEL], x B4,
o BRAGER[mS/m], a @ EEBEKL], ¢
Bl (RF) Hy: "1 KL— MMA,
gas: KfH, S: A7 U—, L: {EHH,

(517 3R]

[1] H. Oyama et al., Fluid Phase Equilib.,
234, 131 (2005).

[2] P. Babu et al., Ind. Eng. Chem. Res., 53,
4878 (2014).

5. ERRERLE
(BFFEARGEE . WFSE 0038 M ONEHERF FE 381
X TR

(MEssam S0 (BF 0 1)

(FaFE) G740

O ERER, Z2EFD, WEMP, DMatd
S, RIABAEEREIC 175 TBAB £ 2 7
T AL — KA Z U —0 CO WL ZE, 1k
TR 49 RIKFERE, 2017

© EFEKRS, 25K, W, Ml
=, BEREEELECE EI I T AL —
FA RL— 2T U —OFEERIE,
b5 T3R5 49 Rk RS, 2017

@ PR, 2EFH, LM, et
¥, BEIJTFAL—FNA RL—FRT
U — Bk IZE 2 % polyvinyl
alcohol DR, (¥ LR 49 RIfkZ

%, 2017

@ Hiroyuki Komatsu, Shintaro Kan,
Syunsuke Watanabe, Hideo Tajima,
Kazuaki Yamagiwa, Absorption of COz
with tetra-n-butyl ammonium bromide
semi-clathrate hydrate slurries, 9th
International Conference on Gas
Hydrate, 2017

® Hiroyuki Komatsu, Tomohiro Abe,
Takeshi Kobayashi, Hideo Tajima,
Kazuaki Yamagiwa, Aggregation and
flow characteristics of semi-clathrate
hydrate slurries with dispersants, 9th
International Conference on Gas
Hydrate, 2017

® /L, Z5FH, LB, i
=, BEIJVTFAL— A RL—FRT
U —DEEMNIC 5 2 D &0 T oiHl o
B, b LY amERE 2016, 2016

@ afdiss, RS, BERER, B2
FAL— kA RL—MAZ U —0Dji#E)
FptEds KLUV COUMAE B 52 % 43 1A D
W, 25 M AAT XX —FRRE,
2016

6. WFFCRERR

(1) WrgeE#

/MR 52 (KOMATSU, Hiroyuki)
BB - BRRFR - B
WF9eE &5 : 30738076



