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Abstract

In view of environmental protection, it is necessary to reduce the aromatic contents of hydrocarbon
products. Solvent extraction is an effective method for removing aromatics from hydrocarbon oils. After
extracting, the solvent with aromatics (rich-solvent) should be regenerated and recycled by adequate
operation method. But during these procedures, especially the regeneration step, it was found the quality
of recovered solvent gradually degraded to deep color and viscous fluid. The deep color solvent was
wasted conventionally.

The general solvents used in the benzene, toluene, and xylene extraction from gasoline fraction

(C5~C12) was diethylene glycol. The derivatives of the spent solvents and their recovery methods
were investigated in this study.

The method of approach is completely on waste minimization and solvent resource utilization ideas.
The main items have been studied are as follows: Find the optimum conditions of distillation to recycle
the extractants after extracting aromatics by using a process simulation method. The derivatives of spent
solvent have been investigated and identified in detail. The performances of these derivatives for the

aromatic extraction were also compared by using scale down experiments.

Keywords: aromatic, spent extractant, recycle, diethylene glycol
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[2226] > B ALAM Y 2 BE

BAE G- BTG TN RR 2RI SEBRY FARKD (EAEBZA
spent extractants ) > i NF SRR Kk 0 T I RTEEE T S o A PLFFREZ
?ﬁwﬁ#ﬁ%mﬂﬁvﬁﬁ'@M%ﬁiﬁﬂiﬁﬁﬁﬂ%—#mwﬁﬁ’i&%%ﬂﬁj

PR BRSNS EAML B Aol A 5 F > Bt

o

SEBPES I SR VR R S8 Eae) e

EBa it s B A3 EHFFEME %ﬂifﬁy']&ﬁ C R I R BRI

DR E - R TR H v R R v X e o

1~ 74 % 7% & (rich-solvent) 2w fz g Jask 4] % 3 &2 it
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b.& = B3 &%) 2~10 mg »

ErfREHR o

AP TRT S EAED FETEF (401 10°C/min) 2 3
APl A B A H A 2 B fEL £ o i)
&ﬁﬁﬁifﬁmi#¢ﬂkﬁﬁ@4T’ﬁﬁﬁ%ﬂﬁ
gz Jfg (2f) L LA RET

500 °C -

7&2]41]/&]@;?& ]yﬁ‘,;)ﬁ%

TR LA (PLR) 2 AP E o
N S KR S BB e AT 2

REIIAWRZRBH VRARRR RS FRR AL 2 LS FHY
B R EIEL AT RERALE o MR R I o i A ERA S
AL - - R TE BN 2R Rk
(D3 5% F P38 %

a.p E-

B4R P FFH A0 emi BB AL > 2 B A g—silicon oil > T i
FF BRI 0 ]k s

/’ S }7 ;
FRAEL -

b W fEB A BB (TH) 2 F

o AR Y iR G BT iR W

7% | (ethylene glycol ~ diethylene glycol ~ triethy-
lene glycol ~ tetraethylene glycol... %

BA R ATATA 2 A ) AR =8/ (e
BRI T b)) & B3 a2 A RIBL P

Ul



pooooboboooooboboooo
Journal of Cheng-Shiu Institute of Technology, Vol. 35, (2022)

CAHFI X TER > 1200 rpm 2 fEiE T o G- P oo
A BHMEE > SEFL P REFE S PP -
e Blp b TR ER o U F AR K AT RE F LA RAR AT R AT RS e o
B R AR FBck 2 35 LA M2 B F B TIEA o
(2)i A HH7m 3¢ F PR s
a.p i —ﬁﬁﬁ$$§%¥°
boik it N E BRI 2 B F R TR R 0 s A2 AR R o

a—

CEBAMY 3T ~ Al p I RE » LI il FFF T
jr/-“-)i i ’ ¥ ?E%%ML% E féfr/n »y—‘/ﬂl‘}—lU/PJ{*é'l’g‘_gi °

CER AT B E I AR R R O Rk

=~ BERENG

I FPf it F04p 0 p 3§23 8ct 87 FREZ ¥ AT A BRI FEF 404
o orrw T A1 o d 0 E 4 2 A Bk Rl & 80~150 °C ¢ @ diethylene glycol 2. i B
5 244°C > Fehoif § 2 A AT E B R A

2 ALE GC-MS A 4715 » 5454 3E & A6~ AT~ A8 & — 6% % model compounds % i 7
Pt o ¥ fe & BRI op 2 AL 2 % 0 A6=Dbenzene (BZ) - A7=toluene (TOLE) - A8
=xylene (XYLE) °

3 RS N FF 20%2 42 F 45 ¥ PONAY & 4 group 2 BB v % 4k 0 4
5C6:C7:C8=10:25:65 4115 Bp¥ solvent/oil =8/1 » #e i & 1} Hcyp L ¥
Bodp o T EAEALM L A S S A6 AT A8=97.56% 1 0.24% : 0.61% : 1.59% -

4~ aE 22 FAEH

3% R n ST BETE AUl 0n S2 0 BE R n S3 0 M R HBes T H v aE 2

A FA (155 DEG> 255 BZ> 355 TOLE > 4 5.5 XYLE)~ 2244 T4 - &

\4

(’R}

PR FAH (7 457F stream 2R R B4 AR RS ) XL ELBE AFIETH o =
FET TR K b T AT AT
TITLE
PRINT STREAM=ALL, RATE=WT, FRACTION=WT
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RATE(WT)=200, COMPOSITION(W)= 1,0.9756 / 2,0.002439 / 3,0.006098 /
4,0.015854, NORMALIZE
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- AT - o - B(DEGYkR Mz BA P A |

KoL

TEMP > °C

Initial pH Value

Final Pressure * kg/cm?
Conversion ° %

Product selectivity » wt% C2
organic liquid

C2" organic liquid
gas

H»0
Liquid product pH value

Total recovery > wt%

150
7.02
3.67
0.91
325

(59.2)
66.3
0.66

(22.9)

-0.54
435
99.5

200
7.02
5.92
1.15
373

(66.8)
61.3

0.8
(50)
0.6
4.56
99.4

250
7.02
13.9
2.19
26.5

(47.2)
52.8

(29.1)
18.8
4.2
99.1

300
7.02
19.8
2.32

23
(41.0)
532
1.16
(28.6)
21.8
3.8
99.2

# = ~ = v - i(DEG)A A KRBk A fE2 5 P45 A

Reaction time * minute
Reaction temperature » °C
Enviromental gas

Initital pressure » kg/cm?
Final pressure » kg/cm?
Product yield wt%
aqueous phase

C2 organic liquid
Ethylene oxide (EO)
Ethylene glycol (EG)
Acetaldehyde (CH3CHO)
Acetic acid (HOAC)
Ethanol (ETOH)

C2 organic liquid
Diethylene glycol

Other

H,O

Gases

Solid

Liquid product pH value

Total recovery > wt%

10
250
NO,
20
44.4

2.02
0.045
1.327
0.107
0.265
0.277

40.4
15.6
24.8
14.9

0.1
42.6

97
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14~ B Al5d GC-MS %247 S5 %% 232318 %¢ - B(EG) 03 wt% » = ¢ - fE(DEG)

95.5 wt% » = ¢ = fiB(Tri-EG) 1.7 wt% » = ¢ = fit(Tetra-EG) 0.5 wt% > H &% kA 2 4 £ ¢h
3 ¢ =(EO)fre s -

15-#@* DEG 5 28> A2 @7 FERTE I EFFNTIE%R > $Edod =977 > #¢
P TR R A5 CT EPoch bld > HA 2RI fTER LA45C+

16172 DEG 5 58 > & F FH MmN TBA %> S%dodw o7 > F 3 246 (SF)Y 4
6/l 12 b P> T RT? XA EET 10wtk 2T cDEG B RTF 0 2 kiR FE
MEkEE R IREA B AP HESRLRY AP ELY SUDEG L AR FEBH -

17~ DEG * < #1 3k (viff2¢ ¢ LA 237k F ¢ R(E0) RisL et e - @EG =2 - i
(Tri-EG)&* w ¢ = fig(Tetra-EG) & /74 4 o gx V% Ale g (Fig 2T » g 74 40 4

Fral e AR FEP GRG0 UEHAHET R PP BRI AR RS A 9

=z &7 EG2Z ¥ 32x% 74 4o DEG » @ Tri-EG v Tetra-EG 2. 5 B~»c % 3t DEG -
2 VP REBR®H-DEG A AR T 0 $F 4 T2 ¥ 52 % (DEG/HT 4 =8/1 vol. /vol.)
B e ivg Saturate (wt.%) Aromatics (wt.%)
25°C 78.0 22.0
30°C 81.7 18.3
35°C 79.4 20.6
DEG 40°C 82.4 17.6
45°C 84.0 16.0
50°C 83.0 17.0
55°C 81.3 18.7

FZw ST R AE45°CT 5 # % ynig 5 7.2 ml/min 2. DEG 2 F 5% 0 A% fél SRR COMIEL
T SR R )

DR ] LHSV
(mmin.) Che) S/F Saturate (wt.%) kieis TAr
1.2 0.12 6/1 98.7 0.9
0.9 0.09 8/1 99.3 0.8
0.8 0.08 9/1 99.3 0.8
0.6 0.06 12/1 99.1 0.8
0.4 0.04 18/1 99.3 0.8
9
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%3 ~ W E RA45°CT > i * jnit 5 7.2 ml/min 2. Ethylene glycol(EG) 5 5 2&| > 2 /7

ETET BT T4 gL He

ARLRTE LHSV
S/F Saturate (wt.%) Kk is XA

(ml/min. ) (hr )

1.2 0.12 6/1 98.3 1.7

0.9 0.09 8/1 98.7 1.3

0.8 0.08 9/1 98.8 1.2

0.6 0.06 12/1 98.7 1.3

0.4 0.04 18/1 99.0 1.0

2~ AR R45°CT 5 i@ % jiE 5 7.2 ml/min 2. Triethylene glycol(Tri-EG) & % B~4&] > &

B3R R T o R Y fle T

AL LHSV
S/F Saturate (wt.%) ki is ZAr

( ml/min. ) (hr!)

1.2 0.12 6/1 99.1 0.9

0.9 0.09 8/1 99.4 0.6

0.8 0.08 9/1 99.8 0.2

0.6 0.06 12/1 99.7 0.3

0.4 0.04 18/1 99.5 0.5

F S AW BB R4ASCT o @ ik

E RiEARE T o R E RS Y fleT

% 7.2 ml/min 2_ Tetraethylene glycol(Tetra-EG) 5 % B~ »

AP IIREY § LHSV
S/F Saturate (wt.%) ki is ZAr

( ml/min. ) (hr'!)

1.2 0.12 6/1 99.3 0.7

0.9 0.09 8/1 99.6 0.4

0.8 0.08 9/1 99.6 0.4

0.6 0.06 12/1 99.8 0.2

0.4 0.04 18/1 100.0 0.0

18~ 4 TGA 4r DSC 31 4 : DEG £ # 7% 5 4QE150°CiE 5 » F R A2 e 2 %5 - %
B e RREAS vt DEG T 42 ZAR TR R AQEIS0°CE F oo

19~ R4S E > BERFEH(Tw )2 DEG BATE99.9 % 2 gd FuchP > i) %%
2 HRE LB xR EATE S DEG A oo
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F}.
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Ll °
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= A (DEG) 95.5 wt% » = & = f(Tri-EG) 1.7 wt% » = ¢ = i (Tetra-EG) 0.5 wt% » 2 45 -k A 2
biﬁﬁgbﬁmmﬁbﬁi°gﬂ%¢§EG$¥éﬁiﬁ%&ﬁwImGﬁiﬂ,ﬁ%Af
Q%T”HHVRMEGi?”IEG1%°#ﬁﬁ@ﬁﬁ - DEG 4 {24 EG » | 55 x%g»
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feis e DEG 2 §3it 4 B3 4 FIR R 7 # ARAAE A A vk R o wied i@
SRR R D ET R TIE AR B L LR 528 DEG i 4
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