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Abstract: The entrapping capacity of the single hydrocarbons and the entrapping equilibrium data for binary mixtures of
the Cs to C, hydrocarbons on the activated thiourea have been investigated. The entrapping capacity of single component
varied irregularly with molecular size and was independent of temperature. In the liquid phase entrapping from binary
systems, the lower molecular weight hydrocarbon was entrapped preferentially. In the liquid phase entrapping from
trimethylbenzene isomer and ethyltoluene isomer, selectivity was found to be related to the relative position of methyl groups
in the molecules and hence the electronic configuration. Pseudocumene of a purity of 99.5wt% may be obtained from C,
aromatic raffinate found in naphtha cracking center. Activated thiourea was more efficient than distillation, extractive crys-
tallization and adductive crystallization in terms of separation factor.
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of Hld 2A L2 %o] AA=HYc 2 B} A
st 224 ¥o o dedt FHOE AfAE] Y
thiourea &33t7] A& AHg-=Ee 4ol Hisot
27, #2443 9 R7MEAS A AL EHE
£oi2E dgke 2 $EA4(CCl, 1.24-TCB $)e]
ow o]E2 thiouread] 2~4u] AT ALL-HT}[2,
4, 5]. ZA4 hostE o]&at THE=[6, 7] ¥}
2Ase FEAAS A AHEE 408 AL
we 712N A3 ZAAA4 hosty] 1HFoE
guestS F-l3td AdA TAAE JAA 7 A
olch. ZAA hostE o]4¥ EA7)&L host cage
A7)d B2 A el 25t hostel] EApzs]e B
ZAgako] AAY guest’t TS H2lsts Foloh.
oju] host24 ZAAMA @4 (crystalline urea)& o]&
dto] AffEFe A4 weteae Rl g
A¢7t =2}, Matishev $[6]& nA59] 2
A ureaE ©]&3lo] mesitylenefNo ZRE p
nonaneg ¥2]3¢lt}. Hassan[7]& A4g2og2y
B shag 107058 20705 2t A4 %E} 425
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= FE4 5o AdAE 712 thioureao] g 7

|

T3, A 74 A135, 199

SER

< A9 AYHA ¢z gloh

B AFelNs 84318 AAA thiouread o] 43}
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thiourea(s) + methanol(l) = thiourea(d) (1)
thiourea(d) + cyclohexane(l) = adduct(s) (2)
adduct(s) = activated crystalline thiourea(s) (3)

A714 s, | F de A, A4 % Seiae 247
vebdct, A $AE (1)3 2] thiouread gk
o &8stz 43% thioureas (2)9} o] cyclo-
hexaned} %7} A|AAM JIHAE HAdsA . b
48 AFAAE ol- Bu[4, 518 Ax9} Ed3
Ack. AA= AAEH7, o9nr] @ Y3z FAY
of ek ZAFE 1208 439 AFRoR FHo
Aow] wuk7]7h RatEe] Qlod. o7)4 -rﬂﬂli’i 3
AZzAL ¥A44E 0.23C/min, HFEAE 2 -
12.3°C, methanol/thiourea FA|8] 2.7, cyclohexane
/thiourea F-Aju] 1.1 So)¢ct. 84353 thiourea:
80°C, 10Torrell A 3A17F Fot H7tsle] Z28H cy-
clohexaneg AAFoZHN AZFHc Az &4
35l ZA4 thiouread] =& HWFHn|Ao] 2y
image analysis system(VIDAS)ol| 9j&jA 245
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Table 1. Composition and Physical Properties of Cq
Aromatic Raffinate

Table 2. Comparison of Surface Area Between
Original Thiourea and Activated Thiourea

Composi- | Boiling | Freezing
tion(wt.% )| Point(C) | pomt(C)
Cumene 0.4 152.4 -96.1

Compound Structure

n-propylbenzengg 0.5 159.2 -99.0

m-ethyltoluene 11.9 161.3 -95.2

p-ethyltoluene 2.3 162.0 -62.3

o-ethyltoluene 1.6 164.7 -45.2

Mesitylene 20.0 165.2 -81.0

Pseudocumenel  51.7 169.3 -43.8

Hemimellitene 5.9 176.1 -254

Indane 1.1 178.0 -51.4

QIO |L|I0|G |0 Q9 O O

Crystal Area(m?®/g)
Thiourea crystals 0.05
Activated thiourea 5.67

ol AHEEHT. WAYLEE HY vesseld T
£ QA FA8] Ak AHEE T dA] A=
€ vtel22 AR o3t Fr]He 2 HH =
o] gas chromatography (HP589011 )l <Js) Al&3f
A A= AAA thiouread] ZAHE &H3l42
v AF FF2 s AAA thioureaZHg 3
FEH%. A&7l FIDFen GCAzE HAAA
7|(HP339611) & o3t #Astsict. GC col-
umng SE-30 capillary 30m& A3}, AAA
thiourea®] 3 Exeko o|HBA E3E9 oax
FURAE Fruisto] ofste A= gl

2.3. fg
M 9224 HAE AT A Tatoray T4

A BARE C, S Agoln of BAe 24
S Table 13} 7t} @A thiouread TASHE %
Abst7] Y8t =" A& pseudocumene, mesit-
ylene, hemimellitene, ethyltoluene isomers, cyclohex-
ane, methylcyclopentane, n-hexane, benzene $o]
ot WY ZAFL oD AL 170 23¢9 oA E
A EFE Btk ZAE Y. g 243 o]4E
A EFE diste] -107C, 0°C, 10T 2 20ColA 2
A4 thiouread] EHFHE APA o2 Ao}

3. Zot 4 3

3.1. XY thiourea2l EN

Table 2= &A13% AAA thioureas} W& thio-
uread] ETHAL BETEA| <3t u]Zg 7ol}.
A thiourea?] ETHAL Yzl thiouread) 111.4uj
et o] 7k BobA TadA 255 Zwe B
Tddez TdE F 9lg Aol = o] ¥4
thiourea®] A 5.67m?/ge McAdie[9]o] 23}
ZAs urea complex?] 3.45m?/ghkrtt t}4 FHon
o] ureas} thiourea®] A=Ae] xjo|2 HhE)
#A3ts] AAA  thiourear thiourea-cyclohexane
FIAZRE dojzenmz AAY Yy P FAHL
o]Ho]| Bu[4]% ¥7}A)¢] image analysis 239}
Fdstslct. @439 AAA thiouread] Heje A
A (Aolgt E2 ul7} < 10)0]goed FHoZ 7R
T BFUAL 150pume]gict. £ thiourea ZA <)
ZAolst Zof wle ok 154t} ol RrFAA S A
F7HA o} BATZI)L guests] Frlol 7]l RHA)
o AAEE 7]l Ao LHFU{4]. oA
F74A e g SEMEA AF[4]e) A BEo| thio-
ureaZ A2 HYG A JeE R GAT FrhA 9
ERL o) EFEsY L@YeEE 2EFstyd
o] =3 FrtAAA e Tl 7% Aoy B}
Ao FATFZoA A=t o]Ae R7ix e XRD
EAZF[4]A RA% 0] thiourea 2L A AR}
7} oS 2 Fefold AA selolEE a=7.659, b=
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;

17.00 ' 40.00 60.00  70.00

hkl 200 20 d hkl 20 26 d

101 19.82 19.81 4.473| 220 31.24 31.24 2.657
020 20.67 20.67 4.288| 221 35.35 35.34 2.534
200 23.14 23.13 3.637| 112 36.22 36.21 2.477
210 25.38 25.38 3.502| 321 44.37 4437 2.039
211 30.21 30.27 2.953| 240 48.63 48.62 1.869
312 49.81 49.81 1.828

Fig. 1. X-ray diffraction pattern of activated cry-
stalline thiourea.

8.566 I c=5.4890|%ict. oW Rl Rl
s ¥AR thiouread7tA = ZA Az} Wsiglo]
S E ool e Az detujel a=7.665, b=
8560 ¥ c¢=5.492¢t}. wzt4] thiourea 7)o <9
g HYAE thiourea ZAo| Srio] &3g £
Aefell A AAAdo 2 gAstHA PAH cagedo =
BEeart Eo7hA AR RohA7E A EE Aol
o} o)A of A= YAH HIIA cageddl X
A4 #E5aE AASH ¥ caged: Z= A3
" AAA thiourear} AZE 4 J2¢ A3
Fig. 12 #4333 ZAA thiourea®] XRDZAAE
el 7ioltt. o] XRDAtg 2% KRICT soft-
wareol] 98 A4¥ Az} se}v]eE a=7.665, b=
8562 % c=5.491¢|%c}t. o] ZAF}E= o] < thiou-
reast F7tA 2] ZAxt Fejulele} fARslgenE A
Zhe] Wzt e & T sith weks 2489 A
A4 thiouread] AZA] &3t449 AAE <8 A
T ZAAE ureaRsbAlolA Boizl RrlA e &
AP Bo|x] ofstrt. Ureat7hal7h 1F-stel 3l
o wWE 437} dojuin AAL Azlrl &2+l
A Aoz wydoke Bu6]7} St o] g4
< 1 shggio) 3N SARE Aok 24
o] Abgol] diste] - moko] RriAl ALY Alz|
T £ 3}7) W-Fo) thiourea cageo| E3 %<l s}

it
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Table 3. Single Component Entrapping Capacity

Component -5C 5C 15°C | 25C
Cyclohexane 0.432 | 0.425 | 0.421 | 0.420
Methylcyclopentane 0.205 | 0.200 | 0.198 | 0.196
Benzene 0.332 | 0.320 | 0.316 | 0.302
n-Hexane 0.001 | 0.001 | 0.000 | 0.001
Ethylbenzene 0.126 | 0.124 | 0.120 | 0.115
Toluene 0.205 | 0.198 | 0.194 | 0.186
p-Ethyltoluene 0.017 | 0.017 | 0.015 | 0.014
m-Ethyltoluene 0.014 | 0.014 | 0.012 | 0.012
o-Ethyltoluene 0.012 | 0.012 | 0.010 | 0.010
Pseudocumene 0.098 | 0.095 | 0.092 | 0.090
Hemimellitene 0.062 | 0.060 | 0.058 | 0.057
Mesitylene 0.016 | 0.015 | 0.013 | 0.012

T4t Hohibs Adell A= A AHE F3lo
Aulyl Ao 2 HojAch. Thiourea complexs oj®
oo} AR EAIVNE 7HA wEeal A4
g ¥ Y4 FrlAs 2 A ity
S A dAg F7bF epdl, w3 pjAHql £
ZhA S H3ke AR unite] F7)7F § HollA AukA
ol F7}olrh. ©]71& thiourea?] caged] BHEav}
ZASEEH Lot FAabd] 7]ldtd).

3.2. 4UEH 2HsY

o] 747 ggsol] it HY T Ako] Table 3
o4 A=A, FYEAPFL FA3HE thiourea
lgdl ZAHE =®3449 g2 Jepld ol
datael] tj3 & x}= A thiourea 100g3 =3+
T4 0d4goldddt. 3E FlFE 7o zdy
HEAFE 259 F7be we} Zasiad. 2y
59 71808 dd Fo7 wssio diste] 3y
EATEE AYE A LEFA L2 F3ed
ot =g &4 thiouread] FHZ ok w3lp4 9
A F3es 4ok £ Aol A" ulm
E£74E n-hexanes} isopentane& ¥4 thioureaoi
A TAHA ggkh ol oF eEifart FA
thioureas} ¢t AQl FHE E3l= 7o 2K thio-
ureas] ZHE 4 9le #2327 o 64 o]4olo
of gtk $7HA HA wFHIFE(3, 4]¢ wE1 9]
£ & 7 o). gd=b4 24 thiouread] TAHSH
vl ZAEAY EAFH FRE JYEAY 5Y
A thiouread] o}z FAZ AN 4FL u]Fyt).
dE el thgh Aol A &4 thioureas] g W
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%5 e 29 A% g7 A3to.
benzene >toluene > xylene > pseudocumene

4 thioureadl 2% wHE 3}3HEe TAL B
2 Yejgo 2 EAFE7F 7H4 A2 benzeneo] 7t
A & A= Ureao] 3 A4} ebsise]
2 EAtgo] 2 8o AdAe] rjn W1
[10]15]z 9o} 2zt 99 ZI}Z Ho} thioureas
o8 W= 33FEe] THL Al AL IgE
of tjate] AddAe] F& & 5 Stk o]l B
A 22l +2F 714 33HEo] thiouread) cageoll
o7k A" AFE 7] Hj steric 2 FEFE
TAEte] 2 SEEET o UEE 4 o). wEA
o] A= &4 thiouread] 2|3k LAo| stericed o)
27 A43E et ofd F3: zeolite[11] 2
molecular sieve[12]el|4 As4 etdlgio Fi3A5
3 o] fAlstct.

Coold Aol gt &4 thiouread ZAHASE the
3 72t

pseudocumene >hemmimellitene > mesitylene

o] AL ol AF[5]elA RejA FrtAAF ] 9
M ZA=EE A 2o 9 olAdAe Exlgke]
e ubd wdr)e] AR Aelsit). ulebd A
thiourea®] AWz 2319 37)9d = thioureas}
5t5}547ke] van der Walls 3, #472% $9 <
At 28 JFE AL Ao HoAd, =%
ethyltoluene ©]A Ao gk ZAAA thiouread ¥ 3
A% g7 st

p-ethyltoluene >m-ethyltoluene > o0-ethyltoluene

A F FFY oAl U AHARERH @
2] ")t para Aol X3 R A A
Aol F& & & Aok o] B[54 hemi-
mellitene, mesitylene ¥ pseudocumene?] £z}=27)
£ 77 6.687A, 6.783A4 ¥ 6.99Ac|gem o-
ethyltoluene, m-ethyltoluene % p-ethyltoluene}
A=Azl 44 72194, 7.6624 2 8.207A°|d
th. o] £AZIIE vlZdte B oAA TS
227 AddAe] oEsn] g ¢ £ B
A=27]7F 23 molecular sieve?] AHATE= o2
£ 4 7 old 22E2 o)Al THAFoRRY
A A thiourea] A #A-L thioureadl guest7te)

Table 4. Relative Entrapping Capacity for Binary

Systems
Binary mixture K. [Kd4,5]] Ka* | Kl2]
Cyclohexane- 8.1 7.9 1.38 7.1
methylcyclopentane
Cyclohexane- 3.0 -
benzene
n-Hexane- >1500| 92 1.52
Cyclohexane
n-Hexane- >1500| 52 1.10 -
methylcyclopentane
p-Ethyltoluene- 8.9 4.2 1.02 2.9
methyltoluene
p-Ethyltoluene-o- 124 | 34 1.08 |[1.03-14
ethyltoluene
Pseudocument- 3.5 3.5 1.24 1.96
hemimellitene
Pseudocumene- 812 980 1.14 708
mesitylene
Hemimellitene- 260 470 142 165
mesitylene
Cyclohexane- 73 - -
pseudocumene
Benzene- 54 - -
pseudocumene

* Reference : Weast(1989)

van der Waals 3, $472% 9 zpr}l 23 o
FS vl ALE BRI
CoAloll et A4 3%%e 23 7k}

cyclohexane>methylcyclopentane >n-hexane

o] Az wg ¥4 2] Y FZo| o B4 thio-
uread] AdeiAo] AAHE & 4 glon) A4t ek}
TaE thioureaf7tell A dojzl ZAze} mptriz 2
Zgol dojudz] og& ¢ 4 o e A
thiourea7} 6~8A 2] cage® 7}7]7] g &o] 535
d A3 gEteiods k" EHo| o]fo] A
%5& vehdch

3.3. O|¥=A ZHHY
ol J¥Ael gk ZA] thiourea®] E2js3yL g
% (separation factor)el] s+l A = 4 gic},

— Xal/xl
va/XZ

4
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Cyclohexane in crystal phase(mol.%)

0.0 0.2 0.4 0.6 0.8 1.0

Cyclohexane in liquid phase{(mol.%)

Fig. 2. Equilibrium for cyclohexane-methylcyclopen-

tane system.

Pseudocumene in crystal phase(mol.%)

0.0 0.2 0.4 0.6 0.8 1.0

Pseudocumene in liquid phase(mol.% )

Fig. 3. Equilibrium for pseudocumene-hemimellitene
system.

oA714 X9 X& HYdeold Y wsies
24 9 TA9A ge ndgd BHsad B4
etk 24 1& $44e 2 Thge iea
ojulgict. aebA] K& $4 120 A

11789] o] A& Aol 3}t &4 thiouread] THALg
+= Table 44 A A=) glch. Fig. 29} Fig. 3-& methyl-
cyclopentane - cyclohexane Al ¥ pseudocumene -

433 A74d A135, 1996
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Table 5. Separation of C; Aromatic Raffinate by

Activated Thiourea
Compound 1 stage |2 stages|3 stages|4 stages
Cumene 0.1 0.0 0.0 0.0
n-propylbenzene 0.4 0.0 0.0 0.0
m-ethyltoluene 1.1 0.0 0.0 0.0
p-ethyltoluene 0.9 0.1 0.0 0.0
o-ethyltoluene 0.9 0.0 0.0 0.0
Mesitylene 0.2 0.0 0.0 0.0
Pseudocumene 88.2 96.1 98.4 99.5
Hemimellitene 7.9 3.8 1.6 0.5
Indane 0.3 0.0 0.0 0.0

hemimelliteneA) &) LA R3S el 4 thio-
ureaol 9§ methylcyclopentane-cyclohexane#) 2]
AFrdze 8.lolgden ol F7F ZAs A o
ozl 790415 WlzAN Bl5T THAEE ol
ik, =3 A thioureao] 2]+ pseudocumene-
hemi-melliteneA| 2] FgE2EE 35¢|den ol:
% ZAAs Y 196[2]R0E 22 LyFHE B
2 slew #r1ARse 35(slske Re A% 2
ol lc}.

=3 FRZEY T o4 dE F e 2
Z[13]9} wjmstd Aubdal fARlHEA] i3t
774 thioureas] 25 Ho| of¢ F& & + Uit
Benzene-pseudocumene 2  cyclohexane-pseudocu-
mene®) THYY Asel4 BEo] WA ARA
thioure®] F-2l53e g Exjgo] disied A4
o] Ft}h o] A U9 BUAE FYyAge ¥H
ateict.

3.4. C, Watx TAlRe| 22l

Table b+ &% 10Co|4 &4 thiouread o]&3}
o C, WS AR5 o B & TAHH &£
2o 24¢ el Zolth. o7l Rz Ae
84 Belzag o8 Adge Foo. 4o
A thioureas] 23l 995wt% e} £EE 7=
pseudocumeneo] 9JA 4= 9J&& & § Ut A
Aol C, v}FE EFFEZFo] hemimelliteneto]
pseudocumene?] #F E¢EolA Z4stgon o
WA $4EL THE) o) HUAZ et
£ o] Aol WFF o]4A 3l pseudocumene,
hemimellitene 2 mesityleneo] g ZAAA thio-
uread] EA AL pseudocumene>hemimellitene>



A7 A Thioureao] 9J& $7] o]A |

>mesityleneso| g o] E3E Abefol 4 mesitylene
o} 24 A o]Fo] A st o] Ade ¢
RURE 9 oA AYAs IAskai,
4.2 E

o) A BHeaE eE 4 Uk B4 tho
uread] TAHAEo] ZAE Gt A thiouread] E
Aol g Bl Exlgo| ¥ HgE Hdte B
4o Ee dU4E Bgen 9 F7bdl e
ZASHe QAR Ak Gl 2 CAl B8l
o] o|4RA EedA FAxe 77 3.0~1500 Z
35~8500|92m CeAlel dafAe guest&#he] &
Aol oEsdot. CHEE oA E3F Fho
4 thiourea? AHA-L p>m>o-ethyltoluene ¥
pseudocumene > hemimellitene >mesitylene ¢] 3.2 =
ol wEgaEY 9x = Bz A configura-
tion)ol wel JF& ovjI& &+ . Co B
£ 282 HE pseudocumened A thiouread]
oste] 995wt%TEE E27} shedtch. & AT
ol4 ZAE o)A EA g A thiouread] ¥
T8 3§, F24A43, WiAAsEd FE &
2= 9lqir}). waba @A thiouread o] &g HejZat
o] Cot}E FAlf-o ¥l g AT dAFTHoE A
42 4 Q.

AHE IS
a . lattice parameter for a-axis[ A ]
b :lattice parameter for b-axis[ A ]
¢ : lattice parameter for c-axis[ A ]
d :interplanar distance[ A ]
hkl : reflection index
Xa : mole fraction of component 1 in the crystal

phase
X, : mole fraction of component 1 in the liquid
solution phase
T (1-Xa)

X,
20
Kal

K. .

9 FAbel R ERES Ee
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- (1-X)

: reflection angle of X-ray[® ]

. separation factor in activated thiourea
separation factor in adductive crystallization

K.« - separation factor in distillation

Ke

—

10.

1L

12.

13.

. V. A. Matishev,

: separation factor in extractive crystallization
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