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1.1 *E
HARDALFEZEL, ERELXFEEE LALFIEEOE KD K o 7 5

o

WHmEY, EXULT, ARy, Aibsr, oy, e L BE kT
TETWD., ZRHOREEIIBITOIWEORE Y o A0 T v 22k
T, MEBIHREIIIEFICEE RO TH W HENEANATONL TS, KFZ
OTHERAEII D CHERBED 1 D THLHN, HEHR AN =X LDEER£L
WE R BETH L. DEHREICIIRA RFERDH D, ARBIESKREE, AR
Wik, fhE, WL, RoERE, @ATE, BOETER OIS < MEBE)
e, JEEE, mOYBEE, MEEEVER & REE 2RI LB o)
BIELIZH T2 N TE, BMIZA DY CHBEFIESSRMZBIRT 2 M4 EH
b5, IDHICREICHTOREOLEENE L TE 2 &b, JHffETD
B RO\ LSRR DA, — L F—EEOME L W72 F R KD v o
ZIROHNTND.

AR, AT LECBO TR b FRENREI TV D2, fEik= X
FNOMLORS S 72 EDQRTHMDO I NAF]TH VALFFEO EJR & 720> T
5. L LIEAETIE, 4B m b LT & 722 &b G IR O aTRAFRER DR
B (AR 120 4F, il 45 4F), RIS THRO TS B3 28 LT D &
WoleERZDRH Y, HFOAKBROBIICS L THEEREE > TWD. AR
FEICRBCREEH O 2 — 7 25k e LTRIHESRTWD., AREEE L T=
— 7 AxWET LR, a—J AP H AL a— L F—)b, T EDORIEYN
BT D, 3= ATIREM, REM, BEEMR, BERE, a—7 XFEH A
TR 2R 2 L, a— V2 — VISR ERIEE, 77 AF v 7 H]
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AR L, Vo FIXEEER, DKM, MRk, h—ARr 7T v 7l EIK<
FIHSUTW5 (Figure 1.1). L2 LEEZEMEIRFEIR TH oA rik{kiboH
TY, AHARD 2L GHRBALFEEE LTEDATRWVWEDLEHD, f
BelE RN EEND.

ZOXEIbDOD 1 D L Ta— X —VIRIHAH L. AR TIEINE
REL, S vt 2L UTRA < O ST D06k 72 iR b i &K
TRAF—DORIEE LW STV DIRIBNEIC K2 0BEAAT - 7208, RS
PO BECR L THIRANH EWV I RICBWTHLAEERTH 5.

Coke-oven gas (chemical material, gas fuel, etc.)

—— Coal tar (polycyclic aromatics material, plasticizing agent,
etc.)

—— Pitch (paver, waterproof material, caking additive, carbon
black, etc.)

Carbonization

Coke (metallurgical material, carbon material, graphite
electrode, fuel, etc.)

Fig. 1.1 Application of coal for coke-making process



1.2 a—)V & — VIR

=L — VG (BUF, IO X — A — L2 BBRO%SE L, S
BIZTMO7r X THELTH LN 488~545K O¥ 73 Th %
(Figure 1.2) . WHIE It 2 22— 7 RIFH AZEENDHRX B ML=y Y
DIFEFBRIRACKTE (7 AR Rt &2 WIRET D 720 ORIR & L TH
NWHATWS., FRSELT23-YEYITy (F/20 0, Q) R340
Yy (AYF V2, 1Q), 23X Er—L (£ K=, IL) Lo
o EFRERENLEY, T72 L (N) R 1-AF L7212 (IMN), 2-
AF Nt 751 2MN), E7 ==/l (BP) &WolzRHZERAULEW K RN
v 77 (DBF) 72 EOGMFERRAULEMNEE TS (Figure 1.3).
TT 2V AR T Z N RAIIRE, AFAT TV ARITARERE,
7 = ZVIIHEE OB €A % U URIT YRR - EERRR Y, A2 F—b
IFEER EOREENE L TRIA ST T, RIS 7 b5 5 o iR iR
FEBFE R 15 5.

WEAE DG D457 1 2B L U, PRz AV 7= oS AT b,
XU CVEPHGBESND. G, A2 K=o 7 2 L DR BT <
RIFIEDNREZEINTNT, KEBEH Y T L& AL S 2 5B A BRI
(Z X DHhH, MRS XD R, BRICEDS A F—roF ) <
—RIC L D072 £ D (Figure 1.4). ZHHHDBES N2 H DTS HIT TR
DT AL UTEECMIT, BAEREOTHFIEIZI V08 - BRIhs., L
U A A TR TROBEM S SEREOE R, REAM R EOMENRHY,
RV EEZR TS U CIRIEIEE R s, fH AR IE e 812 K 2 0B e
INTND
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—— Tar light ol
s— Coke oven gas 5 Carbon oil
®|—— Coal tar = Naphthalene oil —
Coal ——|'c _ ko Tar absorotion oil
_§ — Pitch & |— Tar absorption oi
= . .
S Coke —— Heavy oil & Pitch
S Deacidified
= carbon oil
© c
= 2
S Deacidified = ‘ o
8 Naphthalene oil E Absorption oil
- &
Phenolic
compounds

Fig. 1.2 Process flow in coal tar separation
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Nitrogen heterocyclic compounds

N
N\ ~" "N

|
Z X

Quinoline (Q) iso-Quinoline (1Q) Indole (IL)

Homocyclic compounds

CH,

Naphthalene (N) 1-Methylnaphthalene (1IMN)

CH,

2-Methylnaphthalene (2MN) Biphenyl (BP)

Oxygen heterocyclic compounds

O

Dibenzofuran (DBF)

Fig. 1.3 Molecular structures of compounds in coal tar absorption oil
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Extraction of quinolines
by sulfuric acid

Neutralization

Indole, Naphthalenes

Formation of potassium | Extraction by polar

Extractive distillation

hydroxide salt by polar organic solvent

organic solvent

Crude quinolines

Distillation or
crystallization
Distillation

Quinoline iso-Quinoline

Hydrochloride acid

Extraction of quinolines
by sulfuric acid

Neutralization

Indole,
Naphthalenes

Oligomerization of indole

Residue

distillation
Quinoline

Yo=0.97

Filtration Neutralization
Filtrate
Crude quinolines Neutralization Degradation
of oligomer
Distillation Distillation
Azeotropic

iso-Quinoline Naphthalenes

yIL 0.9
= 7
yl 097 yMN—O'g

Crystallization

Indole

y,L=0.98

Fig. 1.4 Reactive extraction with acid and/or base of coal tar absorption oil
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131 ¥R
Figure 1.5 |3 f7%FA & Hh AR S T ORISR C b 5 . ISR 2 3\ Tl

R O2MEBBNEZ S &SI TEREENAE 25 &, EEMALATAEh
T DRy | OWEH Iri, e 1,

Jri = Kxir(Xi — Xi°) (1.1)

Jei = kyi(vi° — Vi) (1.2)
L7225 ki & Ky 13T EIRIFARKEL A FEE, Fh AR Al FE Y 0 SR T i RS B %
BTHY, x° & yWixEnEnfumlcig 2k mam, e oREE RS
MRDO—HLY, UTDOXIIZR5.

Jri=Jgi=Jj (1.3)

Egs. (1.1), (1.2)2£F L T,

Xi — X = Jri ! kg (1.4)

Vi = ¥i = il ke, (1.5)
LD, REFMITET L PRI TELRE, m, ZHNT,

ye = mix (1.6)

L%, Eq.(14)E(AB) &M Z, Eq.(1.3), (1.6)&ff -~ THEEHI S L.

MiXi — yi = (kal. + k—ijm = KJ_y', (L.7)

Kly = k”;i’i " ki,i (L8)
Z 2T Ky 1T AR R E O E BB TH D, ZE MW T i O
YWERBEEE I,

d(Ed'tyi) = Kyia-(Mixi — i) -Vt (1.9)

EFREDH. T2 TaldtbHEmERE, VrIZikERoRETHS. Eq. (L8)ITBWTHA
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WO 1 NG T X 254 1T TOWEBEIH B & 7 51521,
L ZAT, BEOWE LY UL TFOERENE S TVHI,

Sh = 0.2:-Re*#%.5¢%° (1.10)

0.5
_ kel LZNextp H
Sh= D =0.052 [—,U g (1.11)

PR E & L C Wilke-Chang D=,

_2.946x107(pMg 2T

= 1.12
#e #BVb,AO'6 (1.12)
ZZHAWTIHEEBT 5 & ke 1,
0.893
N
ke o< Ltj 1.13
e e 113

&R MR ORI OB L I D, Fe 2 ORI T D ek
HAE, a, |FEBRAVCRAHESCHEBFEEILE R EIC X > TED L Z b T

VBB

Interface
Xi |
Exis E Extract
! ' phase
Raffinate ! y-S:
phase \ H
N Y

Fig. 1.5 Schematic diagram of concentration profiles around

liquid liquid interface
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Figure 1.6 I3FAEAY 72 1 L OWRIEIZ 61T D IRE OIS X T 5. WA mEIZIU

TOE OB Z 5 &35 &, il O BB FE T AR b HAH D B

ERER OWEBEN DD, ZENENORKY | OFE Jri, Iwi, JeilE,
Jri = Krii'(Xi — Xi°) (1.14)
Imi = pmi-(CPR - C&F) (1.15)

JEI kE| (y. Y|) (1.16)

E7R% . kri & Kei 1ZENEHIEARRLEEEYE, T AR YE O /T E R &)

RE, pwm TR C B 2B CTH L. MEO—FK L0, U TD k5

272 %.

Jri = Iwi = Jei =J, (1.17)
W3 1T 2 M RELR N O

C* = migx® (1.18)

CoF = migys (1.19)

Z 2T mig, MiglXZNFAUERAR &, e & R O S ERETH 5.

WA D & & L [RIBEIC Egs. (1.14)~(1.16)Z & L Egs. (1.17)~(1.19)%Z T

B LT OXNENND.

oM 1 Mie |, _ Ji
i m; r = (kR,i ¥ Mir - Pwmi ¥ Mi g Kgj )= Py.i (1:20)
1 1 1 m; g
= + + - 1.21
Pii  Kgi MiRr - Pmi Mi g Kgj (121)
Pui lTRFEZ R TH D, mig, mMig BIEFIT/NIWIEEITIT Eq. (1.21)1
Pxi = MirPm,i (1.22)
EET D, pwmi TR pv, AR 5, JEBURE D &2 AW T
D,
P = ”M5 (1.23)

ki%éﬂ, Lfi7ﬁ’)f Px,i ﬁi,
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mir -Pm - D

Py,i = S

(1.24)
& 720 AR &R O Sy ECAR B B35 Z 3D, Eq. (1.20)70> it
W,

d(E'yi) — Mie
at = Pxii'A'(Xi — m y.) (1-25)

b, ZIZT A TEMEAETH D, KERERFEER O X o AL

FERELRAZ B L CH o R E S BFHOEEZNBHE TE 2 LIRETEZ 25
IZ Eq. (1.25)I3LL Fod & 9 ot 51,

E(zj(:yi = Pyi-AXio (1.26)

Membrane phase

X | i Extract
O ! phase
S gl
: yi
Raffinate | \ Y
phase E CsR E :
E CiS’E E

Fig. 1.6 Schematic diagram of concentration profiles around liquid

membrane for ideal monolayer liquid membrane
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Figure 1.7 1XiRIEAIHIVE & IRVEIZ 361 2 JFURHE & B IBEAH 0D 4% 543 0D i FE 708
PEftRF ORI & & BITET T2 MEEICR LK TH D, 55y A 13
HEL 72y, B BIZZ OOy TH Y, WU TiZx 2 U A o R
—V IR EOFEFRERERESUCEWNST A DT 5. WIH O H T
HHIC L2 WEBEEEIIRNIC Lo THE WV EDL RN EEZ B, By
1725 < 72 213 EWAH O PR BRI > TSI T D0y A ORFEN K
72V DBEENRL SIS . D F ViEA AR T O o7 2 R U7z
EChD. —HIRETIE, By A OJF DRI ORI 3K & N2 D it 8
WRE L 725, BERRFRER] 23 BB CIImk sy A ITRIRBICTAER IR B L2y Bl
ENDHA, BRI S5 &Ky OREAENRL 2D THEBNET D
B TBED S U720, AU 2SR TR T HAL TV 2%, W RUERA
BRIHETTLEI LD THD. DBELAT O T2 OIS A D3 ERAVICEE L
TWD BB CTEMAZ LD T L7260, DFE D, REEZ RS M OZiEE
FEOF#EEFH LA TH 5.

11
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(Liquid-liquid extraction)

Feed Solvent / Liquid-liquid interface
A
o B B B
g A =) )
o
d A
c A A
S A
AB B
. B
Initial >

Contact time

(Emulsion liquid membrane)

Surfaces between liquid membrane
/ and each oil phase

B B

>

A

Conc. of AB
>

A,B

Initial - >
Contact time

Fig. 1.7 Conceptual diagram of contacting time courses of concentration profiles for

each separation method
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—HRACIR I O KLY 1 R & U IR IR K B RS HE S AV B
TW5D. ZAUT X et B, HEEMERRSITKAI S, & D% oW 72
EOJFEIC L0 o - KRS 5. BEAF ORI HE Y 72 2 0RBEE L
T, ARSI, WA, W2 SRR 2 72 BEEOWIIEM T D
nNTng.

Tanakal®! 5 1%, FigihHIC K % & — W IEEIEE O A ERE 2 Mz A > R
—NVOEEREGYEGT, S DITHMAR - BT LV BRATo7. UL,
INODOHEFTT v ABREHEL 70 KV BERFENEENL TV D.

Ukegawa®®, Kodera®! &5 1%, # % 7 — /L AKERIRIC X AW BRI 2170, il 4e
P & IRROBIRE 72 & OBE & B 5252 L7=. Egashiral®®51%, 2 % 2 — kK&
K& AN T IARER At & U TRBHIGM ) b O & ER G ofh PR
DB ZITV, B LN RICES S MR LB OFE 21T > 7=, Chris®?]
SiX, BTNV =T LEMATZA Y ) — VKRR EEEE L Ulzfiic X 5%
UL O HLAYEEY v 2 22OV TR Lz, EEhiE 2 45 b iz it 2 v
THRHIE &I 2 A G DB T RIS X o TIRBERINER 217\, IRBEEIIN 2
GO HSEES 2 RIZONWTDY I 2 L— g E{To7-. Watanabe /%,
UNIFAC 7% 0 TR oS O E O fat 2 x Lz, Saitox 27 L
—HE AR O TRIUR & A & 7 — VIKERIR % i e fil S S BB BV R B & FHBE L
2. KimP o1, WRIHE T UVIREH & A & ) —LoRL AT X R Lo 8 filE
DL & ORI T % BESAT 2 B S THEL, SV LT I KA
HHICEN TS Z EZHLNT L. 20 X DIz T 21T 2z
DIZVITOITND R, TrEARFHIH - > ThHE# I3 2 722 58
DR 5.

13



F iz LiPPNC S TR SR AR = 2 R 220l v A L L CHIfY
SNTEY, WL T 7 ¥ 72 & OFFBERACKEDIBEC BT 2 T5ER 25
WS TS, Hara' D 503, JFUEHC & 7V 2 O C RIS 2170,
T2 DEAFIZ OV THIMEE ORF 21T o 72, F 7o FZEH TN W Im % F
WTIHALFEREZITV, BREEBENC OV TRl 12 R IE T B2 Wit Loy Bk
RED M L2 AT, ERROMIEIZ I CTIRFURHE ] & Bk 5] o 43 Bl AR 2k
PERICE > TRES B LZBHEZICRE S EET D 2 L 2B fE L TIT
AT, Habaki™ 513, AL 2 727 L 2 — LR DRI 2 Il 2 T
WAL DB 2 AT\, ILERSOEIRE O 2 855 L7-. Matsumoto®, %35 504
X, A A IRIRSTRRRIENC X 2 RAGKFEE T VBRI E 7 VIR D> B O
HEBRRNCKFESCEBRERBRULED O DBEZITV, SRR 13 %%
BEIC B2 BB OWTIE Lz, KimP 2513, a— 12— LB 0ETF LR
WA R LHARIRIEZ I 21TV, DRSS BRI AL 3 2 fl 2 O#ERF 0
B\ZOWTHRFT L7223, e LTS H o2 H L TR0 FERAERM 0%

&

R BAGZBICAR] L ITE AT Fahlmin sy —2 LiIFE Ay, i
DOIFFENT IV T I T O EARE A 5 L EAE L il i 25 A3 E S
NTBY, 7oEARCHIZ> TLVFEMBRERER LG OILERHD. £
7o ERHI 72 FHALIRIEIE I Z B W T BEERE DR T 2 72 & 3RO RN L EMIZ A
DMFFRITIEF D72, T ARFHIG L TERDMENLETHS.

Z D &5 (TR DR BT 6 L TR & ZRBFFEDMT O TV T, A 7255
FEPREZEIN TS, LA LR b ERITIEHT 27023 S HIZFEMAR T
— AT DMNERDHLHIEAS .
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1.5  ABZED BRYB K URRC DR

BT OGS B~ 7 2 2 OREFE & U CRiTE CTRzh3 722 o Bk OB 3
RS TWD. ZOTORERO K 9 (RIGH O 53BN 360 TR LK
BiE7e EICBIT 22 < OMRHREN I TWDH, ERBSIZIT 250~
2 ZAOREEH LN LR EIT > TV HIFEITIZE A 8RR, Ttk A
FHC BT o TRl TEZRIRT 248t 2 R~ T 2 LIFERICEECTHD. 22T
AT, BEFEOHETESFIA SN TND A X /7 — VKIEIRIC X 2 TR
HiES L3Rz X 7 a v 20 FEBPN IR S 405 RIEE & @ L 72 WIm
OB e AEME LT O AR T 52 L2 M E L.

Z DO, BRI, BRI A OB L 2 2t & LTRSS
ZDET NMRIR L ST & OFHERERZNE Lz, RIS, A X — VKRR
PP L U CRIy AR Lo ER 21TV, BEIERFORER S 2K
S UMEBEREAMEE Lz, Ee, BRI X 53R, AR IR
PO 21TV, B BAESE O & 2 et LIRS ZEAREC-OR T I A Ri%
B ERME LIz, RWNT, MBI K 2t s L O b 7 v
BRI UCEME ATV BERET L7z

A SCITRIEZ & 6 OO IN TRV, £FEORF%% Figure 1.8 (2~
T BFEOPEILLTO®Y TH 5.

CELE
BEFE DTSR MG & % &b, ATFIEO HAY & 35 Lz,
W PR ORI

i & WA O FERET — 2 & L CIMARICRIGH o 7 /WG, KA A

TR A L ) — N DK T8 E A A TR AT B 6% 4 SE L 72

15
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- B IE [E] 53 AR AT K 2 I O iR i il

AR ) — L KESIRIZ K 2 W oo [a] 43 2V ph 24TV s, Sl G A 2 L 7.
- FAE [E]53 ABEERAE LT K D W O SRFIE IR 3 K OVFLA LR 2 1

A A AR STRFR IR & 2 WM 00 753t 2 AT O s Al & <72 IRV TR X
P2 S ETE ARSI K0 FAb S =~ v o g o &2 W TE G 2 #
W X 2B EIT, O EMEC T 2 0 L.

-5 E W D ¥R 3 B L2 et 2 ikl HE 3 L OV 7 2 A D b
3

[ 2 Bt iz L 2 kit 3 X ORI 7 v B Z5HE 21T o 7. £hEh
D7 RAEHE L, W7ot ZADOR#ER NI L.

-6 E Harh

U LETRONIHER R L.

28 IR S OB R T
| L A KA O R T R |

3 [E5 S BIHIC S HRIHD B R
| AB/—ILKBIZ S DES R E

1
|
1
|
|
|
|
|
|
|
B4R EARBIPECLIBRO T HEES oA tumse M
| A BRI £ H BB | !
|

|

|

|

|

|

|

|

|

|

|

A

| AMERBICLIENREBEE |

E5E WICHDME S B T HiRBMES ST
FULRIET O R D B

S BRI LB E D BIED O RE K
| FOeRHEHEOLE

SE6E #HE

Fig. 1.8 Schematic diagram of construction of this paper
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28 WIS R Sy O

H2E WM A R 57 D HRR -

i CIRER & E okt LC 2 AR TERT DA & Bl S &, = oSt
ICBWTHERIEICEI L CTHEBEINR - 5. To L SEMEE LTIEMES O
BIRENRE S T DM & DIEEDOEZ L REVHEDEZRSEIZITHY,
S HICHIH B OBBEINORS &, BEili7e EORMERRD NS, )7, HKIEE
BETITER R D EBOBHENGFEL TR, FES L < I L @M o 2
HORBIZBNTWEBIINEZ > T\ 5. WEOFEIRICIZERiE TOEIE
BB L, BRE~OFZRIEEA ORI X0 SEEERSs RES T 52 &
bbb, ORI ITHRIEIHIESCHEIEE ZITOERREZHA 6N T 2 BT, Fil
TOWVHEERZET 2 2 LITIFEFICEHETH D, BRI L EIRT 5
IR LTHLADTHS.

AT, ERBEMEIC LD A F ) — VKRR & IR O <o, R
Z W T RERIC L D A F R IARKEHR & W O - 2 e Lz, £7BEED
e CTHRPpN Tz 1,3-7 Z DA — )V IKEIR & WG & DOSFHFIZ OV T H £ &0
Lt 24T o 72

17
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2.1 EB
211 FEEBREE

AR TR S 2 — 2 — VIRIGHIEL JFE 7 X v (BR) bRk z =
(F7=. Table 2.1 \ZWRILIH D =y ORLAL & 7~ 7. 2 T OO I I3 LA A
RBi2 DL OOEFEMORESLHETEDL LWL DEEZbND. £
/U v (1 %\ 7 No.175-00206/F10EHs#k) , A~ 3% /U o (177-00222/F156—#k)
A v F—/1 (092-00162/F05CH5H%), F 7 % L > (147-00045/FRs#k), 1-A
JUF 7 & L (132-10065/Fn e H5fk) , 2- A Fv) 7 # L v (133-02785/F it Frfk)
B 7 = =)L (040-18412/FnYeHrfk), Xy 7 T 2 (046-22042/F0645k), A
Z ) —) (137-01823/FFEHRFK), 1,3-7 % > A —/v (025-07355/F0Yt45Hk), 1-
TFNB-AFNAIFXY LT T 704 vlE) BRE ([Bmim[BF,])
(022-15212/ H ¥ &R ), 7 4 > (044-21605/ Fn e H5#k) , 1-7 m X ) — )b

(162-04816/5FEH5#%), h/L > (200-01863/7FEF5Hk), ~7 & > (085-00151/
AR I IFOERIEE T2 (BR) 2Bl A Lo, FEBRTEM LA 4 &8 #ok
X Milli-DIM™(AA S U ART) 2 W T2, £72 Table 2.2 124 A A DR8I
%, Figure 2.1 124 A4 IR OREE XA 7R
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Table 2.1 Mass fractions of compounds in coal tar absorption oil
Compounds, i Mass fraction [] Solubility in water [-]
Nitrogen heterocyclic compound AO1 AO2 AOQH!
quinoline, Q 0.077 0.109 0.08 6.1x10°
isoquinoline, 1Q 0.019 0.025 0.019 45x%10°
indole, IL 0.036 0.040 0.04 1.9x10°
Homocyclic compound
naphthalene, N 0.012 0.004 - 3.2x10°
1-methylnaphthalene, 1IMN 0.107 0.117 - 3.0x10°
2-methylnaphthalene, 2MN 0.263 0.357 0.26 3.0x10°
biphenyl, BP 0.064 0.079 - 6.9 10°
Oxygen heterocyclic compound
dibenzofuran, DBF 0.098 0.067 - 3.1x10°
Table 2.2 Mass fractions of compounds in coal tar absorption oil

m.p.[K]  Density [kg/m®] Viscosity at298 K [cP] T4 [K] Electrical conductivity [mS/m]

202 1370 118.3 573 343
Solubility with traditional solvents
Water MeOH EtOH Acetone THF Heptane Toluene
[¢) [¢) [¢) [¢) A X X
Me~ N\ "Bt
Fig. 2.1 Structure of ionic liquid
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212 EBRFIE

JFEHIAE & U TR DT VIREM Z, KIHE LTAH J —L0A
FUHRIE (LT FNNB-ATFNANAIX Y TLT T T70AwlT )W) OKE
WA L, SRR AR, b L <X sml ¥ 7T 2 — 7= 100ml
=7 T A TKIE & HABEIRIRE KRS (T-25, 7 AU V) Z HWTc BRI
L VAT- 7. Figure2.2 (ZEIyAXBHE O %2, Z 0L & DERSEM %
Table 2.3 |2, THIRHIREAKME CO RS 4 Table 2.4 ("3, FlEIER, DK
It 2 AN HE L AAR O & B RSy DR ZRIE L7z, KM E LTKE WS
ANIIAKRFA P Doy DAL S S TEBTE R 7272, HIRIRE K IC
KV b THRIE L ML U HAERIE T D & TR O/ A RE L.
Wikl D41 % Table 2.5 12”9, F 72 KFICA A AREKIEIR & AW 23541
ITIRMAR DR BN I K 0 KR O & T E Uiz, T IciZsb i i gy
BHELTL1-Ta ) —=LafnTAra~ 777128 01{To72. GC DTS

% Table 2.6 I\Z/~RT. F-LUEDSHTIZOWT HREERIZIT - 72,

0.095
0.01
6 flat blade
turbine —
L— 4 Baffles
2
o
[e2]
o
CH{] -

[m]

Fig. 2.2 Schematic diagram of batch stirring vessel
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Table 2.3  Conditions of liquid-liquid equilibrium measurement by batch stirring vessel

Oil phase absorption oil
Aqueous phase aqueous solution of methanol (C,,,=0.33~0.67)
Total volume of liquid [m®] 4.0x10™
\Volume ratio of aqueous to oil phase,
saq0 ] o
Stirring velocity [h™] 1.2x10%~1.8x10*
Stirring time [h] 0.167
Temperature [K] 298

Table 2.4 Conditions of liquid-liquid equilibrium measurement by isothermal shaker

Oil phase absorption oil;

absorption oil-heptane mixture (zj4p0 = 0.6);

absorption oil-toluene mixture (zypo = 0.04, zro = 0.9)

Aqueous phase aqueous solution of ionic liquid (Cy,o=0~1);

aqueous solution of 1,3-butanediol (C,,o=0.5~1) 2

Total volume of liquid [m°] 3.0x10°, 1.0x10™
Volume ratio of aqueous to oil phase,

paq0 [ e
Amplitude of shaking [m] 1.0x107
Frequency of shaking [h™] 7.2x10°
Stirring time [h] 72
Temperature [K] 298

Table 2.5 Conditions of reverse extraction

Aqueous phase aqueous phase after equilibrium
Solvent toluene
Total volume of liquid [m?] 1.0x10™
Volume ratio of solvent to aqueous phase, ¢aq,o [-] 0.25
Amplitude of shaking [m] 1.0x10%
Frequency of shaking [h™] 7.2x10°
Stirring time [h] 24
Temperature [K] 298
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Table 2.6 Conditions for gas chromatograph analysis

apparatus

gas chromatograph column

GC-17A, GC-2010 ( Shimazu corp.)

ULBON capillary column HR-1 ( Shinwa chemical Ind.)

inner diameter [m] 2.5x10™
length [m] 30
carrier gas N,
flow rate [m*h™] 756
split ratio [-1 1:33
detector type flame ionization detector ( FID )
temperature
injector K] 593
detector K] 593
column oven
initial K] 373 ( maintain for 0.067h )
increase rate [Kh™] 60 (373~429K )
[Kh™] 1200 ( 429~573K )
final K] 573 ( maintain for 0.22h )

22



28 WIS R Sy O

2.2 FEREBE
221 FHEEDER

Figure 2.3 |2 EBROREMS 2 7~ 3. AR OIREZ 7, KFEHOREL C & LT,
Ry | O EAREL, mi, ZLLFO L D ICER L.

m; = Ci/ zi (2.1)
FAy | DBIREE, B, & 2-ATF T T XL EOSEUREOHE LTEHL
7. RBEYWEE LT 2-AF NI 72 Lo a@R LR, GEEEERA1L
EHLSN TR OB REGEP R B RELERLLTNIZDTHS.

Biamn = Mi [ Mamn (2.2)

%7~ Table 2.7 2B #/ES Ik L CHEEMICE B2 D0 7=,

Oil phase Oil phase
Ro [kgl, zi o [] . R [kgl, z; [-]
Aqueous phase j Aqueous phase
Eo[kal, Cio [] E [ka], C; [-]

at initial at equilibrium

Fig. 2.3 Diagram of liquid-liquid equilibrium of absorption oil

Table 2.7 Run no. for each operation conditions

Run oil phase aqueous phase paglo [-[]  Operation
) ) aqueous solution of methanol stirring
2.1  absorption oil 3~4
(Cw,0=0.33~0.67) vessel
absorption oil-heptane mixture  aqueous solution of ionic liquid
2.2 2~5 shaker
(Z1p0 = 0.6) (Cuo=0~1)
absorption oil-toluene mixture  aqueous solution of ionic liquid
2.3 2~5 shaker
(ZHp,O =0.04, It0 = 09) (CWYOZO’\‘l)
. ) aqueous solution of 1,3-butanediol
2.4 absorption oil 1 shaker
(CW10=O.5N1)
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222 BRI

Figure 2.4(a)-(d)IZ 3 BLRE, mi, (26 25 KMEF OKEESHR, Cuo, DR
WERXLTEY, (dOFFEIL Run24 & L TEEEOHECITON 1,3-7 4
A —IVAKIER E VTP ERBRIC L AL DO TH D, A02 L AKX ) — VKA
o> m; (Figure 2.4(a)) 1% AOL DFAFRAT TR AME o417 BEE o wFzel & e
WU CHRRBE S Ro7 2 &N ORI DO REIT W EEZBND. &2TD
KFIZBWTEHEZREEZBREALAEDIIZOMEEM L bRE L, YIhAKMHE
B, Ewil/Rn, OEBEIIZEALERLNRI ST, ZHUIK RS DOREMED 7
WK L TWATZTH Y, Z DI ONE Figure 2.5 DK~DIRMEIE & /3y EARE D
BIRIZH 2 L O ITEMREDIT N EIZIE—H L TWAD. £ Cuo OEIMNE & BT
LAY DO EARE DD L b OKMEOMBIERE D> LIz72dTh 5.
Figure 2.4(@)IZB VT A Z J — )L O3 BidRBUT BRI OHIPAN T Cup ITE B
FTIHE—~ETH 7. Figure 2.4(a),(d)ICBNT A X /) —LKIRIER 1,3-7 4
F— VKR 2 AN T35 E, 2-A F LT 7 X Lo 72 8 O BRI IE DR MEA )
DITH Cwo DML D AKFH OFEMEZAL DR A K & < Z2 1T 72728, Cup OHEIN
L BICHEFRERERLEY & T O Y T BRI O WA E R A3 B 7
ST KK A A AR AKIBIR DME o H 7= Fig. 2.4(0),C) DFE R A2 R D & A v F—
NDFBSRIN —BREL o Te iy, A ¥ R—/WEEet 2~ OiTxt LA
ECTHOONIZA A RIED 1-TFN-3-AFNA I XS VT LT 8T T4 n
E O BRI IIIE ML LTI 20 K< il Enc B b5,

Figure 2.6 1B KM T DX ) U L 2-AF )T T X Lo DoyldftaEia R LT
Wh., AH ) —IVKIEIRE 1,3-7 2 2 DA — VKSR CIERIERE £ 720, Cuoll
I LT Lie, —H A A RAOKEIR Tl AR R 5087 L=
KB DOE EZH LD b RELRY, FoA A RIBRERBONHAIZB WD
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THHBIRERMEEZ & D L) B Lo,

Figure 2.7 IZ/KFfHIZKZ W2 (Cuo=1) & X DOHHDEWIC L DEL L L
TS, WIH-~TH - ML ARG DMEDILTZ Run 2.3 TOEEAEHRER
KALA W O 3 BEARBUIRII A DALz Run2.4 TOHDO LY H/hs <, —7,
WL Ih-~7 2 ARG DMEDILT. Run2.2 TIIREL o7z, ZHIZOWNTY
A DORRPEN AL L7 Z EICER L TRV, BEEOHFEPNCH 2 WIH D A #
J VKR K 2 il O A O i U AL 2 55 s 2 I3 O Rk =
IRIRACKFBDO T BB CTH D E VI FERE KT 2Hm L e o7,
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distribution coefficients: (a)Run 2.1, (b)Run 2.2
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101 : . . .
T T T e

10° E ----- TRRREE SRR S
10% Fmmmdmmemebem e
o : B :
R e IR B s S
T P o
oil phafe : absorPtion oil—r}eptane-to:luene
Aqueous phase : {onic liquif aq. :
10_4 1 1 1 1
0 0.2 0.4 0.6 0.8 1
Cw,ini [']
10° : : : :
e
R IR T - N
A
an R R S SR N -
= : N =
I voB I
I o< I
103 f----- R AL S S
o A
Oil phage : absorptionoil | 4 | A
Aqueous phase : 1,3-Bu aq. :
10_4 qu ul P 1 . ql 1 A Af
0 0.2 0.4 0.6 0.8 1

CW,ini [']
Fig. 2.4(a)-(d)  Effects of initial water concentration in aqueous phase on
distribution coefficients: (c)Run 2.3, (d)Run 2.4
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Fig. 2.5 Relationship between solubility in water and distribution coefficients
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Fig. 2.6 Distribution coefficients of quinolone and 2-methylnaphthalene for

each condition
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10 Key Run Oil phase

/\ | Run2.2 |absorption oil-heptane

Y | Run 2.3 |absorption oil-heptane-toluene
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Fig. 2.7 Effects of difference in oil phases on the distribution coefficients at C,o = 1
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Figure 2.8(a)-(d)I% 2- A FILF 7 % L xt+ 2 a B #ZEEZRAULE D OBIR
FE, Biamn, (CXTT DB KB OKE R, Cup, DEARLTND. £ D
B Cuo DHEINE & HIT Biown 1IN L, 20~100 F2FE T&H - 7=. Figure 2.8(b),(c)
IZBWTKIZA A U BIERE BTG EITIEA » R A DNE IR Rl S 7.

Figure 29 1ZH KT DX ) U U O@BIREZR L TV D, T/ a—/LKEK
ZRWTEHEITIE Cuo & & BITERANTEIM L 72D L, A A U RIRKIER
ZHWTEIGEIZIE Cyo O & & BITRITED LTe. A 3 RIRICRHT 58
fREEN B EREREACEW LN DIEEMIZB N T H AR E o772 T
H5.

Figure 2.10 IZ/KAHIZKZ W2 (Cuo=1) & EDOIHMHDENIC L S BB LK
LTWD. BRIH-~T 2 - Py AREWMIMEDILZ Run 2.3 TOZEH#ER
BREUL AW OFREE IXRIGH A E DL Run2.4 TOHDO LY H/hs<, —7F,
W -~T7" 5 ARG HMEDIT- Run 2.2 TIXRE S Ro 7z,
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CW,ini [']
Fig. 2.8(a)-(d)  Effects of initial water concentration in aqueous phase on

selectivities: (a)Run 2.1, (b)Run 2.2
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Fig. 2.10 Effects of oil phase on selectivities
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2.3 ERR)

TR CHRNE B D BL G A iR 3 D BRIC B & I B IR 7 — % Th DR
WP 2 e Lz, A & L CRIGEReE 7 /WIRAEY), KR & L CRFEKIEIK
R LR 2 RS CEBREZITV, LT OfEim & 1572,

(1) ETOEMIZENTEERZERRAULAEY O HEREITE OMLEH D%
NEY b REL Aoz, HAKMREEEOFEL R  KMFONKE B/ HROHE
meE e b L, A% 7 —NKERE 1,3-7 % 2 A — L KR D53
FRERIIRREE TH - T=DITH L, A AU RIERKIER TIEEh Lo K&EvWiEs
Blo. T Va3 — VKRR CIEIKE &SI HE] L TR L7Teoizxt LT,
A A RKEER TR E D FEN 123N TREL WL T 5 &
IR TH T,

Q) < DA, BEFEREULEY ORI I T OKE &/ OHN &
EHiTHML, 20~100 fEEETH o 7=,
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I [E] 4> 2R 1T X 2 U O iR Y

RAMHNE X DB R 7 0 2 2BV TR VWO TV D FETH 5.
ek, B EOWRAED/N S WIRG W ERN - AFEEYE 2 & OB
SVIE, SRA AR EONERBEME R L, ARRBEAES A Y 2RI
SHTERED, B LOWFESCEEORIE R EICL A= X—1 - BIEHR)
MR« BERAROGHEES LTHRH S TS, 19 RN HIE U %
o Tl HE O TEATRI A R oA il b e T3, AR by LR L osly
THICEAIEH STV D.

AR EE CTIEW I ORI IOV TRET 21T o 72, IRBERIH 8~ v & =
FHEICI W TR L e DR ZIE T 272018, A F ) — VIKEEIR % BRI
&L TR AR L0 21TV, OO BRI, FRBLRUR
EE ST L EOREVMEBEIR BREE RO, SHICEORRIVME
BBV BARET 9 2 B EERIF OB A MBI LTz,
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3.1 EZR

FhT R B O E (A o 7o Bl AR EPFE X Figure 2.1 L RIEROEEE A L,
B OB ITRAHIX H AR &2 R, F 72 EBRAMIE Table 3.1 12~ 9. JFUEHE
U TR, ¥ e LT A Y 7 — VKEEIR & L TRy R A 1 1 2 vt
Mt EIT 72, KEAZ ) —VERAELTAY ) — VKK E FTE DRI 72
HEIICHBL L. Z OBBEEASUSIC L IRIREEN LR+ 5 -0 ERIEE T
HDH2BCETTFTOILENRDHST-.

FTHEGIELEETH D A X ) — VKR E A, DOV CREHEBOIR S % i
INSRIZHN 2 D 72 OIS} D S i & 24 D JEAZ DU CREDIT IR O W A 7 & A
Nz, SHEOBEZHELTECRE TH L Z 2R L. BENROES
PN OV DO F N2 5 X 212t v b LFTE DR CHik 2 Bits L,
ZOWH % 1=0 & Liz. FrERE# (t=0~0.167h) B#E%OME L, KHOWRE
ZRE L. %, GCIZX Y WHOMAZIE L, FhE TRt TOM
B Liz.

Table 3.1 Conditions of extraction rate measurement by batch stirring vessel

Oil phase absorption oil

Aqueous phase aqueous solution of methanol (C,,,=0.33~0.67)
Total volume of liquid [m°] 4.0x10™*

Volume ratio of solvent to feed, ¢y [-] 2~3

Stirring velocity, Ny [n™] 1.2x10% 1.8x10*

Stirring time, t [h] 0~0.167

Temperature [K] 298
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3.2 FER L ELR
321 HEOESE
Figure 3.1 |[ZSEBR OIS &2 7~ 3. B0 i DI, Y, ZLLTFTO L HICEER L=,

E-y
Ro - Xi0

Y; = (3.1)

F%57 1 DB, Biown, ZEFBICEBIT DT 1 & 22 AT VT2 L DIRFELD
tELTUTOLYICER L.

Yi/Yamn
Xi /XoMN

% 7~ Table 3.2 IZ & HES Ik L CHEEMICE B2 D0 7=,

Biamn = (3.2)

Feed Raffinate phase

Ro [kal, Xi o [-] Contacting _ R [kal, x; [-]
Solvent . Extract phase

Eo [kal, yio[-] E [kal,yi []

Fig. 3.1 Diagram of liquid-liquid extraction of absorption oil

Table 3.2 Run no. for each operation conditions

Run Ywo [1] New [N']  Ss/f[]
3.1 0.33 18000 3
3.2 05 18000 3
33 0.67 18000 3
34 0.5 12000 3
35 05 12000 2
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322 FEBIOBHOBEEREL
Figure 3.2 (ZJFUEHE & YRR OB & ORERFZ LA 7~ 9. Run3.1 ([ZBWTIE%&
FHOBBEDKRENSTZLDOD, TOMOFMEIZONTIIZE A EED L 2D

7.

0.3 ' : ——
% R ER | R B
o SO L ol O
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—, 02 f------ bemeee dommne- i--k---
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Fig. 3.2 Time courses of mass of extract and raffinate phase
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323  fhHfEB X OHhERAE DR

Figure 3.3(a)-(e), Figure 3.4(a)-(e)ILZALENRMUERNT I T D HABRERL, Vi,
& HMFRFMLAR, x, DORREFE LA FET. F£7- Figure 3.5(a),(b), Figure 3.6(a),(b)
TENZENFT Y L 2-ATF NS T X LT D RIHFRRL AR & AR L
S D BERI DR AR

Ywo = 0.33 LIS DI BN TI B EFRER R AL AW ORHHARRL A Z DA
IZHER L TRENoT2. £ ywo=0.33 TORIECBWTCHETH 712708, 2-X4
FF 7 & L ORHFIRA A K& < 72 o 72 DITFERRIGH FIZ 2 < & En T
WIZT2bTH D, RREIFIZ L ST EFITIBNT 1= 20 s DR R THMEIZIT
KR & 72 o 7z, BHREE DR E WSME (Run3.1~3.3) Tidt=10s DR T
(WAL & 7o 7. HFRAHIC B 1T 2 B ERERELA Y ORI & &
HI/hES LD, ZOMILEDOMBITFRE DS LIIRELholz. F 2 &
DRRND THRIND L 91, FLEREREAMLED O HEAREITIRE < it
Mk <HhisiiziedTH Y, —FHEOMLEwITHHEFE~DOBEE A &2
LTI D A 2 7 — VDA S 2 BN R & W o oA & LT
IFRINCRE e ofe. £725 2 BOMRNO L DOND LI, &TOMS
IZBNT Yo OHEINE & b IERBEA~OEMRE b BN 5 7= DAL b I
p LTz
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Eq. (1.9)%, E, Kyi, a, yi*, ViPRKMICEIOT —ELIRE LENT 5 &,

i*-vi) _ Kyi-avp
| 1 1 - y,— .
n(Yi*_yi,O) B E t (3:3)

LS. FEICXT LT Eq. BI)DELDEE 7' vy M9 5 2 & THEHMABERIE S
, ZOEMOME N LREMEBIHA RS, Kya, ZHME L7, Table3.3
A3 B Kypa & % & T
Figure 3.11(a)-(c)IZ Kyja (23 DA E &0, Ywo, BIFIEE, Nexw, B E
ORI FOBHATE L, osif, ORBEZRT. Kyira ld ywo =0.33~05 THRrK &7
ofc. FTBEHHEEOL LE 2 FITHEAIL TEIN L., KEBRSEHENIZENT
(BT BHARR L D BT R b p o T,

Table 3.3  Ky;-a for each condition (unit: x10°kg h™* m®)
Run i=Q 1Q IL N 1MN 2MN BP DBF
3.1 13.6 9.95 135 10.6 14.1 14.4 14.5 12.2
3.2 20.4 15.6 15.2 7.56 11.6 10.9 12.1 9.36
3.3 13.3 13.6 14.0 1.77 5.81 9.23 4.48 4.05
3.4 5.81 5.48 5.48 5.56 5.74 5.70 6.33 491
35 5.30 6.78 5.19 5.17 4.60 4.47 1.47 5.58
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TEAEET D Z LIC Lo THANTH . EER, XFHRIECHEIbT
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L RIRFICHFHOREZ B L, ZORZZt=0& L7z, JERE L THRIRH-
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Fig. 4.1 Schematic diagram of supported liquid membrane apparatus

Table 4.1 Conditions of ionic liquid supported liquid membrane permeation

Feed absorption oil-heptane (Xypo = 0.4)

Solvent toluene

Liquid membrane aqueous solution of ionic liquid (C,,,=0~1)
Total volume of liquid [m®] 2.4x10™

\Volume ratio of solvent to feed, @s/f[-] 1

Stirring velocity, Ny, [h™]
Number of supporters, | [-]
Stirring time, t [h]

Temperature [K]

6.0x10°, 1.2x10*
2,3
0~12

298

Table 4.2 Specification of filter paper

Material Mass Diameter Thickness  Mean pore size  Real density
[kg/m?] [m] [m] [um] [kg/m’]
cellulose 0.104 0.07 2.2x10™ 4 1550
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412 HRERLEBLE

4121 HEDER
Ay OWER, Y, R OEE AT OEEEHWCTUTO X S IZE
L7

E-yi
Ro - Xi0

Y; = (4.1)

TR FRAR R 25 il ARARL AR B U ORI/ & <, BMHOEER (b EHR T
DG ANITEEREE T Eq. (L26) TRBLTEX 5. 22AF T 7 X L ATKT Dk
O3 i DBERINEE, Biovn, % ZAVENLD S 0T % i P et ) ¢l o 7
bo, fERE LU TREERIEBERE, Py, Ol L TERLE.

Eodyi /.
dt /X"O - R (4.2)

Eody P
%/levw,o L 2MN

Bi2mn =

F 7= Table 4.2 IZBRESMEICKRT U CTHEEMICE S 22072, FELWEERIZOW
TIE Appendix (ZHH7-.

Table 4.3 Run no. for each operation conditions

Run Cuwo [-] 1T Nom ("] Run Cuwo [-] 1T Nsim [h7]
4.1 0 2 6000 4.7 05 3 6000
4.2 0 2 12000 4.8 05 3 12000
43 0 3 6000 4.9 1 2 6000
4.4 0 3 12000 4.10 1 2 12000
45 0.5 2 6000 4.11 1 3 6000
4.6 05 2 12000 4.12 1 3 12000

66



4w [Py AW IS X 2 WIGH O SRR K ORI 2

4.1.2.2 HhHAEKER

Figure 4.2(a)-(e)IZ & SFIC BT D IR ORI L 27T 2T OFEIHE
BRICEB W CEFRHRBIIRE Th o 72, TR & ZEHROBIFENR K& <,
F - RIS 5 L CIREIR ORI L DD i ne o TH DL oy
OFFIIRER & & BITEARIINTHEM L, BRIZKEZFERA L EIZiEx 2 U >
DFEWEEN —FREL, ATV BEEEZZLREZER L2 L 2i2idA > F—
VOFTERE N —FRE L Apofe. IFHEE 2 0D 3 BUTEO Lz & & &l
W ITH K2 23 f5ICD UTe. 7o WiFH O BRI EE O FE L ~ D IR &
N7pinofe. Ziub OB X 0 RFEYEB BRI TR O %A EH T H -
7.

67



K% WL O SRR IR B K O L&

-
—

(] 55 2SR A |

4

m _ 7
........ T I =
........... = - = - - = = 130~ - K
J=[v]g] m
e N T4 - G - 7L
HBl|o|<(| S H--------- - |-~ - - - 3R
O/o|<|Z]:
B AWI“ |||||||||| A== ==== En@
> Py e “
3-lgl-ie
1 1 E
o o o
o3 ~ i °

12

10

t[h]

oS
........... Tmuﬁu-----w-xﬂ-*mawxu
........... m-----ﬁHm--%----AgmzaAf
........... . S
........... RS W
N
=) | |

" " o
-

12

10

t[h]

=2,

:O’

(@Run 4.2 (Cypo

for each condition:

Time courses of v;

Fig. 4.2(a)-(e)

=0.5,1=2, Ngm = 12000 h™)

Ngim = 12000 h™); (b) Run .4.6 (Cwo

68



K% WL O SRR IR B K O L&

-
—

(] 55 2SR A |

4

3.0

12

t[h]

O—T — -]
......... O D - - - - -G B 2 <
........... == 0= - - - - - - <UB A <
........... == - = = = -[HD4- - - - - <A<
........... oo T - - - <EA
........... el AR 11 (Y, ¢
—_ 1 1
S | |
~ 1 1
1 1 E
o o o
o o~ =~ °

12

10

t[h]

=2,

=1,

(c)Run4.10 (Cyp

for each condition:

Time courses of vy;

Fig. 4.2(a)-(e)

0.5, 1 = 2, Ngm = 6000 h™)

Ngim = 12000 h™); (d)Run 4.5 (Cuo

69



K% WL O SRR IR B K O L&

-
—

(] 55 2SR A |

W4T

—CHD ———5A—]
........... RUEHE N0
........... === === =D - - - - - -
........... == - = = = = = = = D - - - - A
........... o mm oo - T - - R
........... it b 1115

N 1 1
L _ |
L L g
o o o
o3 ~ i °

12

10

t[h]

(e)Run4.8 (Cuo=05, =3,

for each condition:

Time courses of v;

Fig. 4.2(a)-(e)

Ngim = 12000 h™)

70



4w [Py AW IS X 2 WIGH O SRR K ORI 2

4123 ¥R

Figure 4.3(a)-(e)IZ & SRMFIZR 1T DULRDFERF AL Z 7R T . BETORMHEIZBNT
BEFBEREAWINEIRTER L, A A U RIRSCFRR RS 20 Wl s
SOYBENTFIRETH 5 Z E MR STz, BHEICA AUk E TN L2 L ic k
D ZENENDRTY, FrlZA o R—/VOIEEPBEIRNCEEI L7z, BigE LTKE
ER LI EEF U VEHOIER—FEREL, RWTA =1 ThoT-.
BRI A AR Z RN LT & Z 3 A R—=AN—FRE2D, RWNTF
Vo ThoTo., £, BIRIZA U REKEREFH L EE, 41 F—

DR T 012 DINRZE 7.

71



K% WL O SRR IR B K O L&

-
—

(] 55 2SR A |

4

(T — = B/
.......... S S
........... ---{-----a-----E1 A4
q=|vg] m
ml = (A m-m ........ E..m ...... KA
8| o|<q|E - - T - - - -
Ol ol m m
- < Ml A------ 0O -=d
> > _) 1
3-8 "

1 1 E

t S S o
o o o

12

10

t[h]

........... - - -E - <

...................... i <K

........... oy

........... mmmmmm e m e m e = = = = {T]-ET
— 1 1
o) i i
~ 1 1

1 1 M&

= = 3 o
o o =

12

10

t [h]

=2,

:O’

(@Run .42 (Cypo

for each condition:

Time courses of Y;

Fig. 4.3(a)-(e)

=0.5,1=2, Ngm = 12000 h™)

Ngim = 12000 h™); (b) Run .4.6 (Cwo

72



K% WL O SRR IR B K O L&

-
—

(] 55 2SR A |

4

il ; <
...... PR N N
........... B-----CHOA----- - <& -
........... === == - - T - - - <
........... =5 1AL
........... s als = 1<l

3 1 1

2 _ _

1 1 E

(@) o =
© < N <

[-] 0T x'A

12

10

t[h]

- == &
........... A S
........... r---- - --a-E0--- - A
........... S AU
........... - -
........... R e I E= 12

— 1 1
S " "
~ 1 1

L L M&
3 S S S
o o o

12

10

t [h]

=2,

=1,

(©)Run4.10 (Cyp

for each condition:

Time courses of Y,

Fig. 4.3(a)-(e)

0.5, 1 = 2, Ngm = 6000 h™)

Ngim = 12000 h™); (d)Run 4.5 (Cuo

73



K% WL O SRR IR B K O L&

-
—

(] 55 2SR A |

W4T

1
1
...... M- - - H1----A
1
1

0.15
0.10

12

10

t[h]

(e)Run4.8 (Cyno=05, 1=3,

for each condition:

Time courses of Y;

Fig. 4.3(a)-(e)

Ngm = 12000 h™)

74



4w [Py AW IS X 2 WIGH O SRR K ORI 2

4124 WIEFEREK

Figure 4.4(a)-(c)I ZAAFE AR Pyi 12T DIRIEIZIIT D Cuo DIEAFR LT
W5, CuollBb 5T, GREFEREAULAW OMIEZRREIIMA Y & ik L
TREL ool DF W EEFERREACAWPBIRNIBR A EZR L, flio
B &SN L AR LTS, 72 CuoDEIE & HIT P idTtEIML, &
HIETRRE 2D ZNLEITED L. Eq. (L2035, pn=° Ngm 1 ZIZE AL
BOORNWILEZBETDE, Py OEGITHELRE mp L IEHERE D DN
KENST-Z 0NN D. Figure 45 IR ENTWD K 9124 A U RIKTERIE DK,
FEIE Cuo D3/ EWN & ZDZAEDRIEFITRE WD, ZHUfE-> T DilZBWN T
Cwo DV/NSWNEXTIFRESHEMT B2 6D, £7o Cup & mi DEEFRIZ
Figure 2.4(b)IZ8& % X 91T Cup I LT L7, ZORER, Zh b DHADRE
BN Py DEA L E LTHNT.
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Fig. 4.4(a)-(c)
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4125 SrEEDBIRE

Figure 4.6(a)-(C)I1ZMEHR DA A U HRAKIRIED 2- A F 7 &2 LAk o
RR5T T DRPUEICH- 2 DHBIZONTRLTND. CpllLbd, BEFLAEW
ORPUL(IMORSy E I L TREL, AV =g KT 18 RETH 7.
A T AREOWINZ LY A > R—/L ORI L, /U R L.
FIZOMOIITBNTIE 1 iR ThH -T2, TS DBEAEIEETOLRME
WTHR BN, FRIFIER UM E 2 o7z, BRI 5 SEHR O iRk
EORBII o T, LA B O THEBRE O 21T/ N S S AR L 705 2
ENTREINDT-0, Eos. (1.24), (4.2)7> HIBIR 1T 0EMREIC R E KFE LT &
BExbib.
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41.2.6 WBEFEREL SEREOHEE

Figure 4.7 IT#FE BRI Py & FIFRAR - IR 0 BCARE D BAfR 2 R, #iE
172 LB DIRIEIZ 35 1T DGR EREL Py 1% Eq. (1.24)2° 0 mig IZEEBIT 5. A4
SRR W TUIKEBIRIRE I L » THRESHENRESZET o202
DYBEZET HVLEND D . JEHIRE A Eq. (1.12)Wilke-Chang O RUZ L VY 3R
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Fig. 4.7 Correlation between overall permeation coefficient and distribution coefficient

81



4w [Py AW IS X 2 WIGH O SRR K ORI 2

42  FALHEIRZR
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4.2.1.1 WIIBDOFAL
TNy g CEAERT DT OIREEE LTHR U 22X TF T T H L s
TR, XV U2-AF ST H L bV D 2 O T VRGN
M, WL U C R ETE AR IR A LT,
FETEEANCII R ROV R = & —AIC LA I 2 5 O AR
FEEMAIZHH L2, — S OERICBW CIREIC L 2WEBEI 2 MR35
T2 DIWFRHZ D EDT 1 (xpno =0.05) %, FodidfedEs & L CBRERIZ 1,3-
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Fig. 4.8 High speed homogenizer for emulsification
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Table 4.4 Conditions of emulsification by high speed homogenizer

Feed Quinolone-2-methylnaphthalene-heptane mixture
(Xq,0 = 0.08, Xomn,0 = 0.25);
Quinolone-2-methylnaphthalene-toluene mixture
(Xq,0 = 0.08, Xomn,0 = 0.25);
absorption oil
Liquid membrane aqueous solution of surfactant (Cso = 0.005~0.03)
Surfactants saponin
polyoxyethylene(20) sorbitan monostearate (Tween60)
polyoxyethylene(20) sorbitan monooleate (Tween80)
polyoxyethylene(20) stearyl ether (PSE)
polyoxyethylene(20) oreyl ether (POE)

polyethylene glycol(23) monocetyl Ether (PGME)

Permeation enhancer 1,3-butanediol (Cy350 = 0~0.25)
Volume ratio of feed to membrane liquid 1
Stirring velocity [h™] 1.1x10°
Stirring time [h] 0.0083
Temperature [K] 298
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4212 REZHE

Figure 4.9 [TZ A E ORI TH v, HFHROBICITHFAIZE B m a2 R, 5k
WER LT~y a  EEEE LT R LA T ¥ U BiREEIc
AR, BEFRPIRNE OISR D KO IChLE Lo, —EB032BRICI UV THEARIER Y
AN E T 2 T2 OIZTEBE D ED /7 F 2 (Xnoo=0.05) ZH1x7-. MFHOHRIE
INPTEDIRE T D 2 L A ffgadtc, MRzt L TEDORZ%Z t=0 & L7z, Bt
TE IR RO, WiAH Z 20 FH LRI 2 a8 L7z, fltHHAHIE GC U2 X 0 234 LAHAR
ZUE UTe. fIEARAL R TR I ARRL R A2 W T IS K e L7z, OB
2T H > N Z T2 EZBRIZEBVWTIE, Figure4.10 O X HIZ L THE T 7 A 22 A
o TR~ LY g 3BT LV AL S, 15 DAV EEHIT GC T &
DoatrEnT. BREBEBREBOMA L, v 7 N T ARGBOIEE ORIZHHE

WooZef (Dead space) 2ZFET D0, Z OREZOWTIIME L.

) 0.095 .
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Fig. 4.9 Stirring vessel for permeation
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Thermocouple
thermometer

Cooling
water

Condenser
tube

Mantle
heater

Fig. 4.10 Heating apparatus for demulsification

Table 4.5 Conditions of emulsion liquid membrane permeation by batch stirring vessel

Feed emulsion

Solvent

prepared O/W emulsion;

toluene;

heptane

Total volume of liquid, Vy [m?]

Volume ratio of solvent to emulsion, @s/em [-]
Stirring velocity, Npe, [n™]

Stirring time, t [h]

Temperature [K]

4.0x10™
3
1.8x10", 3.6x10*
0~0.044

298
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422 HFERLEBLE

4221 HEDESE
57 i OUGRY,, ZJREtROEE L IHEFOEEZH N T TO X 9 IZER
L7-.

E-yi
Yz Ry Xi0 “3

AACIEIEZ 31T 2 B ERIEIC B W RO FEIRIC L 2 BB OMIZ, PBREE
PEAIEL D AR L D MERBEINE Z 5. 2BEEEE o, BIEEEE Iy,
ERBIR K D BB A Jpi, HEEVEL YD IAZIC K2 BEIEEE 3,35 &,

Jiotati = Jpi + I — Jei (4.4)
&%, Jpild Eq. (1.25)70 6 Leizeflimfsg a &l IARE Ve 2 W T,

Jpi = Pxjrar(xi — % Yi)Vr (4.5)
DEDNTRKED. Jpj, Joi 1EIEBEESI Y IABZRNET D72 DITMR b2 T H
PR T DM E T ERENR,

_ E.
Jb,i - XI X d( dtyDN) (46)

1. = Yi _d(R'XNo)

4.7
Yno dt @1

L FEEDMN 2 AFNF T H U ATKT DAY I DABERINEE, Biawn, & HATIK
FEU720 OFENEND S DFEEE 2 REEHEE ) TEl-7=20b 0, fREL

Theffd A R EL, Pxra, O LTERLI.

86



4w [Py AW IS X 2 WIGH O SRR K ORI 2

Li2mn =

d(E'Yi)

2

mi,E \V/
mi’R yi T

P

X,i

-a

d(E ) yZMN) X _
dt 2MN m

rnZMNE

2MN,R

Yomn J 'VT

X

P,ZMN -a

(4.8)

F 7= Table 4.6 IZ&EESMEICK L TEREHICE 52O 7=, FELWLERIZON

TIE Appendix (ZHH7=.

Table 4.6 Run no. for each operation conditions
Run Feed Solvent Surfactant Cso[-] Cusso [-] Nper [h]
4.13 Q-2MN-Hp toluene saponin 0.03 0 18000
4.14 Q-2MN-Hp toluene saponin 0.03 0.25 18000
4.15 Q-2MN-Hp toluene saponin 0.005 0 18000
4.16 Q-2MN-Hp toluene saponin 0.005 0.25 18000
4.17 Q-2MN-T heptane saponin 0.005 0 18000
4.18 Q-2MN-T heptane saponin 0.005 0.25 18000
4.19 absorption oil toluene saponin 0.005 0 18000
4.20 absorption oil toluene saponin 0.005 0 36000
4.21 absorption oil toluene saponin 0.03 0 18000
4.22 absorption oil toluene Tween60 0.03 0 18000
4.23 absorption oil toluene Tween80 0.03 0 18000
4.24 absorption oil toluene PSE 0.03 0 18000
4.25 absorption oil toluene POE 0.03 0 18000
4.26 absorption oil toluene PGME 0.03 0 18000
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4222 FRBXOBECEEE
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Fig. 4.11 Time courses of mass of extract and raffinate phase
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4.2.2.3 fhHER KX OHIERAE DR

JREHZET VIREW EZMH L7z & & (Rund.13~4.18) OfEHE L L T,
Figure 4.12 (a),(b)IZfl AR, FhZRARICIS 1T DHRORFE(LEZ £ L T D, 7K
TOFEIEPERNREE Coo & & HITTIMEE LI L7z, ZAUIEDO R ENENH L
THEAIBNEM L2720 TH L. TR DOENZ L > TH 2 U O/ D
ZENLT2 TN, 2-ATFNF T X L ATEBW IR O REZ N - 2. THEE
FEFEHEME IR D BRI mig & Mig DFEEN 2-A T NVF 7 X L DIFHBKR
Dol ThHD. FEBEERTHD 13-7 X U —/LORIM LD,
TRIEA~DIEFREN K E < Ipo 2o il E S L 7-.

fe W TIFBHI RG22 L7z & & (Run 4.19~4.26) OFSRO—pH& LT,
Run 4.22 (231 D liHHARAERR, yi, & HIFRFEAERR, xi, OfFFZ k% Figure 4.13
\Z7~:9°. F 7= Figure 4.14(a)-(c), Figure 4.15(a)-(c)icZzNEnx /U v, 2-AF /L
FOELVY, RIETHD MDDy b ST D RERIEOREE R, T
NTOFRMFIZENWTEHEEREREALEWOMAIT 2- 2 F LT 72 L LSkD
EETHEE L TREL, ¥/ V>4 =>4 VX VDRI -7z,
FREPHE OHIIN & & BITHEEEE BN Lz, F 2 FEiE AR E A K& WIZ
I MBHHEN K E  Ipode. R TH 5 A=tk UCA R i
PEFID & & DIE I NREL o7z, G EIEEAIO RN TIHIZ-E D & L
A7 nofc. W TH D M= OFIFRAMEARIL 0.7 T <IZE L. ZHuX
IKDEFREEIN K E N2 TH Y, Eq (45)THEIN DB WBE TS CRE
HEHE ) 308> Ui b 3 2R L RV UEE T RE R TH D.
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Table 5.1 ([ 2 Baiifi 7 v & 2 5tHIc B0 5 B Lo a R
T, FHE o EERXIL, Egs. (5.1)~(5.3) % Bt & ¥ M [A] I 2 E o W) B I,
Egs. (5.4)~(5.11)% 7 = — O/ OHIKIZ, Eq. (5.12)4 B OWE R 8 D3 =,
Eq. LB BERIZHBWNWT A Y ) — VT HIZH D & LT A &% 7 — v O FHEafR )
SRR XD, F7z Eq. (5.14)RVE S Eq. (5.15) AR OHE, Eq. (5.16)1%
ROXNELER L.
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Table 5.1  Basic equations and definitions

Mass balance
FiXek i+ SkY st RicaX1,it Exea Yk, i-Rixk i-Exyk i=0 (k=1~n)
E1Y1,i-PeYri-RoXo,i-SeYse,i=0
RnXn,i-PrXpi-SrYsr,i=0

Mass fraction Constraint

Ixpki=1; Tysei=1 (k=1~n)
Zyii=1 (k=1~n+1)
Ixi=1 (k=0~n)

ZYesi=1; Zyrs,i=1
s Zypi=l; 2Xp =1

Mass transfer rate

(5.1)

(5.2)

(5.3)

(5.4), (5.5)

(5.6)

(5.7)

(5.8), (5.9)

(5.10), (5.11)

ExYii-(Exe1Yiern,itSiYski) =Kawi(Mic iXk,i-Yk,i) Vi (k=1~n) (5.12)
Equilibrium of methanol

X, M=Mk mYk,Mm (k=1~n) (5.13)
Reflux ratio, X [-]

X=Ro/Pe (5.14)
Purity of product of nitrogen heterocyclic compounds, Ypnhc [-]

YeNHC=YRoHYRIoTYRIL (5.15)
Yield of product of nitrogen heterocyclic compounds, Yyuc [-]

Ynhe=PeYpnrc/Far(Xnrqt Xorigt XoriL) (5.16)
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Table 5.2 |[ZFHRICHB T DIREZ /R T . 5 2 =, 5 3 HORIDERORE RS
Eq. (5.17)4 B D 73 AR 2 45 Be O fh HIAH KRR D BE %L,  Eq. (5.18)#e L/ E B i)

BRI AR AGERL & S B DOBHEE O L L TERIA L, FEEROER %

Table 5.3 (2 F & O 7. B DS By SO T OiAb-E% OT, (dHhHAHICE
fi L7y, KT L7 SARE L7z, Egs. (5.19)~(5.22) B[Nz F5 1

TIFTERDBEZBUE L, RIS 72 i O OB 0, B th OB IER /4R
BRIT 0 & L7, EHEO#E E, Eq. (5.23)% n B AT HIEEAR &I 0
&L
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Table 5.2 Assumptions

Distribution coefficients

M = A X 107 (Az X Yiw) (k=1~n) (5.17)
Overall mass transfer volumetric coefficients
Kai = (As X (Yiow)” + AX Yiow *+ Ag) X VM Ag (k=1~n) (5.18)
Solvent separator
Ypi=0 (i=M,W) (5.19)
Xpi=0 (i=M,W) (5.20)
Yse,i=0 (i#M,W) (5.21)
Yer,i=0 (iZM,W) (5.22)
Other equation
Yn+1,/=0 (5.23)
Table 5.3  Constants of distribution and mass transfer volumetric coefficients
Al A; [-] As [-] Adl-] As[-] As [-]
Q 3.92 -6.39 -485x10°  -397x10%  -3.66x10° 2.034
1Q 4.25 -6.76 -485x10°  -3.97x10°  -2.95%x10° 2.034
IL 4.52 -8.50 -485x10°  -397x10%  -2.09x10° 2.034
N 0.208 -5.61 -485%x10°  -397x10°  -1.10x10° 2.034
1IMN 0.717 -9.65 -485%10°  -397x10°  -1.83x10° 2.034
2MN 3.29 -13.6 -4.85%x10°  -3.97x10°  -1.99x10° 2.034
BP 0.457 -9.10 -485%10°  -397x10°  -1.58x10° 2.034
DBF 0.397 -9.23 -4.85%x10°  -3.97x10°  -1.33x10° 2.034
oT 0 0 0 0 0 0
M 0.0678 -0.0788 0 0 0 0
w 0 0 0 0 0 0

123



55 F I ORISR DI 3 X OB 7 v & 2 0 Hig

5123 #HEZEMH

Table 5.4 ([ZFFR G & WAL O A T, JFUBHIWRIUH, A % 7 —
KB Uiz, £ oM s U TR RIE LR b5 2 72,
M BT BB SRR 2 3. BB n, JFOBMIEKGBE ne, A BXOMEIRTE Vi,
B OBIPHE v, WDKK yow, FBWCLL X [], WHEFUEHE So/Foe [-], fliHH
PR IIE ypnme, FHHARSLGRIER Y, 8 DO ZRFIA L LT, n, Vi,
Vi, Yow B2 ST & EITHE XA E M- T L 57 X & SilFe iR 28k
FHUO T v AR AT o 7. B FURMIE B ITURA S D R AE O AR FURR
RIS 22 DB & LTz,

124



55 F I ORISR DI 3 X OB 7 v & 2 0 Hig

Table 5.4  Conditions and specifications
Feed absorption oil
(Xr0=0.077, X,106=0.019, Xg . =0.036, Xn=0.012, Xg.1\n=0.107, X¢oyn=0.263,
X 5p=0.064, X¢per=0.098, X¢ 07=0.324)
Solvent aqueous solution of methanol

Number of stages, n [-]

Volume of each stage, Vi [m’]

Stirring velocity of each stage, v, [h™]

10, 3~20
0.3,0.2~2

12000, 3000~36000

Water composition in solvent, yy,o [-] 0.4, 0.45~0.7
Specifications
Purity of product of nitrogen heterocyclic compounds, Ypnhc [-] 0.85, 0.85~0.95
Yield of product of nitrogen heterocyclic compounds, Yyue [-] 0.85, 0.85~0.95
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LN DTHIBE SN TN D, MBS n, FEMEGE: % ne, KB OR R Vi,
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Fig.5.4 Process flow of countercurrent multi stage solvent extract
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Table 5.5 (ZMIiE % B G 7 v & AR T 2 il Loz R
I, RO EM I, Egs. (5.24)~(5.26) £ Bt & VR IR I EE & o ¥ I X,
Egs. (5.27)~(5.34)% 7 1 — O O, Eq. (5.35)7 B OB R 8 08 X
DAL S LD . F72 Eq. (5.36)iR i S Eq. (5.37) AR ORI, Eq. (5.38)U%
KONz ERLZ L.
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Table 5.5  Basic equations and definitions

Mass balance

FiXek i+ SwYsk it Ri-aXk-1,it ExeaYie,i-Rikk i-Exyk i=0 (k=1~n) (5.24)

E1y1,i-PeYri-RoXo,i-SeYse,i=0 (5.25)

RiXn,i-PrXp,i-SrYsr,i=0 (5.26)
Mass fraction Constraint

Xei=1; Zysi=1 (k=1~n) (5.27), (5.28)

Zyki=1 (k=1~n+1) (5.29)

=X i=1 (k=0~n) (5.30)

Lyesi=1; Lyrsi=1 (5.31), (5.32)

s 2yp =l Xxp =1 (5.33), (5.34)
Permeation rate

Exyki-(ExrYien,itSkYsk i) =Paki(Xei-(Mi g/mi r)Yi,i) Vi (k=1~n) (5.35)
Reflux ratio, X [-]

X=R,/Pg (5.36)
Purity of product of nitrogen heterocyclic compounds, Ypnhc [-]

YpNHCTYPQTYRIQTYRIL (5.37)
Yield of product of nitrogen heterocyclic compounds, Ynuc [-]

Ynrc=PeYenne/ FK(Xro X0 Xrk L) (5.38)
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5.2.2.2 FEDEE
Table 5.6 |[ZFHREICHB T DIREZ/RT. 52 &, 5 4 EORIPEROFERND,

Eq. (5.39) 4 iy D JEF - HRIRHE F6 K ORI - IR O 0 BdfR i &, BB oiit#k
W ORI L L TRE SN REEZRA R B OO &4 % Table 5.7 ICF &
DIz FEHAEMOWEBENIZ RO LD L L, FEh o AL O
ZOfAbEY OT LIRBED h L= TR A Tl L e & U, E 7B 1
IR AR L 72wy, BRI AR i L7e v & L7z, Egs. (5.40)~(5.43)ia 1R
PIZBNTIEFTEE DB RE L, BN S 7o o JsUBHEAE 0, s o
BERTFARRIZ 0 & LTz, E3EOHE L, Eq. (5.44)%5F n BRI AT 24

VEEIX 0 L LT~
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Table 5.6 Assumptions

Overall permeation volumetric coefficients
Pay; = A7 X w " Ag (k=1~n) (5.39)

Solvent separator

ypi=0 (i=T) (5.40)
Xpi=0 (i=T) (5.41)
Yse,i=0 (i#£T) (5.42)
Yer,i=0 (i#£T) (5.43)

Other equation

Yn+1,i=0 (5.44)

Table 5.7  Distribution coefficients and constants of overall permeation volumetric coefficients

mig [-] mie [-] A [-] Ag[-]
Q 1.23% 1072 4.84%x10° 4.65%107 2.43
IQ 1.13x 107 4.66 X103 3.49x10" 4.73
IL 6.14%10° 3.56x10° 4.20%10* 1.62
N 3.58x10* 3.53x10™ 9.23x10* 0.678
1MN 2.47%x10™* 2.67%x10™ 1.36x10% 0.830
2MN 2.02x10* 3.24x10™ 1.58x10° 1.21
BP 3.38x10™ 7.59x10™ 7.04%x10° 1.07
DBF 2.41x10" 1.17x10° 7.66x10% 6.05
oT - - 0 0
T 0 0 0 0
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Table 5.8 ZFIHRSAME & WL O HARZ T, FUERHIWIGH, WL o %
L7z, o fdtks UTHMBRHE LINERE 5272, FTiRasln
TRMEPFEEE A K. B n, BURMIEREE: ne, B EROMEEREE Vi, FBOMR
PRI vy, R X [, WEBEECEHE So/Foe [, AlHEFRSLSL IS yonne, AT
SR Ynne, 7 DOEMEZREFIAELRE LT, n, Vi, Wb EEIZh %
AR AT T2 L 978 X & SyFe MR T 2RFHO 7T o AFHR 2T 712,
IR BIEElE Ly g UG BRI AT D SRR O ML BRI T < e B B
LT
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Table 5.8  Conditions and specifications

Feed absorption oil

(XF,Q:O-077, X|:'|Q:0.019, X|:1||_:0.036, XF,N:0-0121 XF,lMNZO.].O?, XF,ZMN:0-263|

XF,BP:0-064: XF,DBF:0-098: XF,OT:O-324)

Solvent toluene

Number of stages, n [-]
Volume of each stage, Vi [m’]

Stirring velocity of each stage, v, [h™]

10, 4~20
0.3,0.1~1

18000, 16000~22000

Specifications
Purity of product of nitrogen heterocyclic compounds, Yenuc [-]

Yield of product of nitrogen heterocyclic compounds, Ynuc [-]

o

.85,0.7~0.9

o

.85, 0.85~0.9
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Fig. 5.5 Effects of y,w in solvent on X and S,/F,r in SE process

134



B5E WO B x T 2 i 3 X OB~ v 2 o g

532 MBEEBIUMHHROEE
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Table 5.9 (23U TR HIELHAWIBRIRE 2 W T2 40 BE 7 = ' R & SRR
PR TWESBE7 v 22O THi2 DB Z L ICHBICE Loz, BifFOR
R 7 v 2 (Figure 1.4) TiZ/ U U8, A > K—, ZOfth & yEEnN
T2 DK LT, ARBFSETHREE U 72k AR IS 2 7= 50 B
“'m& A (Figure 5.1,5.3) TIXWIGH O EEREREREAEDE DHET 52 &
ZHELTVD. EHICAED Yot 2 CligeHmEHZmnR W o5y
BEEIMZ DHENDH D0, BEFEOH O Ll L TRk B ERI T 72 <
BHEEZOND. FTBAFET vt AT A A (9 5 72 D IR O B
ANREEL <, FBREREDE LW DBRIEOFEREREH N EBSZONS. 1
ILIRIE Y v 2 A CIEfl U 7 Va0 U CRCBR S B RIC VAR S 5 7200, TR IEHh
7wt 22 U COREICDBORBE TR Z L3 o7z. L LEUE,

o)

WAL DBAEB BT L 2 5728, —BECH 7 Bt 2 % gt % = LI L.

141



55

WS DL BE 569 2 i ds KON 7 = 2 A D BLik

Table 5.9 Simple comparison of proposed separation processes by liquid-liquid extraction and

emulsion liquid membrane and existing separation process of coal tar absorption oil

Liquid-liquid extraction

Emulsion liquid

Reactive extraction with

membane acid and base

Separation Separation of nitrogen | Separation of nitrogen | Separation of quinolones

heterocyclic compounds | heterocyclic compounds | and indole
Number  of Few Middle Many
operation
Operating Mild Mild Harsh
environment
Solvent Easy Easy Difficult
recovery
Amount  of Large Small -
solvent
Downstream | Separation between | Separation between
process quinolones and indole quinolones and indole )
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Appendix

A

Al

%5 4 BEE SRR X 5 WL O TRRER L OSSR Ok 2
XFHRIEZ

Z 2T 4 EO R E BT AR A2 7. Figure AL XK &EICE

T B AR DR L A2 2 L, Figure A2 1TIRDORIFE L A2 .

Table A.1 Run no. for each operation conditions

Run Cwo [] 1] Ngim [h™] Run Cwo [] -] Ngim [™]
4.1 0 2 6000 4.7 0.5 3 6000
4.2 0 2 12000 4.8 0.5 3 12000
43 0 3 6000 4.9 1 2 6000
4.4 0 3 12000 4.10 1 2 12000
45 0.5 2 6000 4.11 1 3 6000
4.6 0.5 2 12000 4.12 1 3 12000
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Table A.2 Run no. for each operation conditions

Run Feed Solvent Surfactant Cso [ Cuso [-] Nper h]
4.19 absorption oil toluene saponin 0.005 0 18000
4.20 absorption oil toluene saponin 0.005 0 36000
4.21 absorption oil toluene saponin 0.03 0 18000
4.22 absorption oil toluene Tween60 0.03 0 18000
4.23 absorption oil toluene Tween80 0.03 0 18000
4.24 absorption oil toluene PSE 0.03 0 18000
4.25 absorption oil toluene POE 0.03 0 18000
4.26 absorption oil toluene PGME 0.03 0 18000
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Nomenclature

X @ mmogoe »

QD

z 3 2~ X

x

< ® ® ® T T U U S

< <
4 o

<

N < < X

ﬁi,ZMN

Contact area

Specific surface area

Concentration in water phase or liquid membrane
Diffusivity

Mass or mass flow rate of extract phase

Mass flow rate of feed

Flux

Overall mass transfer coefficient based on extract phase
Overall volumetric mass transfer coefficient
Local mass transfer coefficient

Molecular weight of pure solvent

Distribution coefficient

Stirring velocity

Number of stages

Mass flow rate of product

Overall permeation coefficient based on raffinate phase
Overall volumetric permeation coefficient

Local permeation coefficient

Mass or mass flow rate of raffinate phase

Mass flow rate of solvent

Time

\olume of each stage

Molar volume of solute at boiling point

Total volume of liquid in stirring vessel

Stirring velocity of simulation

Mass fraction in raffinate phase

Yield

Mass fraction in extract phase

Mass fraction in oil phase

Separation selectivity of i relative to 2-methylnaphthalene
Thickness of liquid membrane

Volume ratio

Viscosity

Density

[m?]

[m™]

[-]

[m?h™]
[kg] or [kgh™]
[kgh™]
[kgm*h™]
[kgm*h™]
[kgm*h]
[kgm*h™]
[-]

[-]

[h™]

[-]

[kgh™]
[kgmh™]
[kgm™h™]
[kgmh™]
[kg] or [kgh™]
[kgh™]

[h]

[m°]
[m°mol™]
[m°]

[h™]

[-]

[-]

[-]

[-]

[-]

[m]

[-]

[Pas]
[kgm’]
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Nomenclature

Surperscript

S,E
s,R

Subscript

0
1IMN
2MN
b

BP
DBF
DN
E

e

ext
Hp

i

IL
1Q

k

M

N
NO

p
per

normalized
Interface on the side of extract phase

Interface on the side of raffinate phase

Initial or flow of ‘0’th
1-methylnaphthalene
2-methylnaphthalene
Membrane breakage
Biphenyl
Dibenzofuran

Decane

In extract phase

By entrainment

In extraction

Heptane

Component i

Indole

Iso-quinoline

Stage of ‘k’th

In liquid membrane or methanol
Naphthalene

Nonane

By permeation

In permeation
Quinolone

In raffinate pahse
Surfactant

Toluene

Total mass transfer
Water

Based on raffinate phase

Based on extract phase
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