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Abstract — There is not much method of using C4 Raffinate 111, despite having high olefin contents. The majority of
the C4 Raffinate III have been converted into n-butane through hydrogenation, and sold as LPG. The C4 Raffinate III is
rich 2-butenes with very low isobutene and isobutene contents. The 2-butenes are converted into 1-butene in the vicinity
of thermodynamic equilibrium yield through positional isomerization with n-almumina catalyst calcinated at
400~600 °C. The overall process is composed of isomerization-reactor, de-1-buteneizer to prepare the reactants and to
enrich reactive products, and 1-butene column to product a high purity 1-butene. The production of 1-butene increases
by 40~60 wt% with the selective positional isomerization from the existing separation method.
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Fig. 1. Schematic diagram of the overall process for the selective
positional isomerization.
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Table 1. Composition range of C4 raffinate 11

Components Contents Range in C4 Raffinate II (wt%)
Cyclopropane 0.02~0.03
Propylene 0.06~0.11
Methylcyclopropane 0.05~0.09
n-Butane 10~13
Isobutane 2~3
Cyclobutane 0.1~0.6
1-Butene 48~58
Isobutylene 0.1~0.3
Trans-2-Butene 15~22
Cis-2-Butene 8~14
Butadienes 1~15 ppm
C5+ 0.005~0.02
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Table 2. The results of reactive performance Table 3. Feed compositions & mass flowrate of 1-butene column and
Calcination Surface Area, 2-Butenes 1-Butene 1-debutenizer
Temperature, °C m%/g Conversion, %  Selectivity, % Adsorpti.on. or Extractive Deisobutanizer
400 623 24.1 99.7 Components Distillation
500 443 24.9 99.7 line 1 line 4 line 1 line 4
600 282 256 99.9 wike wike wike wike
700 239 18.8 99.8 Isobutane 0.24 0.4 ppm 0.06 0.1 ppm
800 189 14.2 89.5 n-Butane 243 0.87 15.33 31.26
trans-2-Butene 21.56 54.72 17.87 37.77
1-Butene 64.10 13.00 55.40 7.37
3-2. C4 RINSE 251 0[MsHIS 2l SEIY DA} Isobutylene 0.18 0.02 0.19 0.01
Za 98 (1)_ AR DGty o4 A 1S 2 52 cis-2-Butene 11.50 23.52 10.89 23.05
Zzz=2g 9d 29 53 G5 1 o4 AR 1S o) aE Cyclobutane - - 0.25 0.54
Ea]eh(deisobutanizer)®] BA 58-S Edk GR 07 o]Agl WS Flow Rate, kg/hr 12,600 6,191 12,600 7,460
7h A ¢k, 1Rl s S8 B R ek 1
A3, GAZE e FRE@)el diste] 7 7] B2 3HEAPE 7 T AR C4 AN 1S o)A 8 F-2)ek(deisobutanizer)S AF
Bt ool gt FEA o] A 179 SR BA 1 goto] o] Fo] 94 fES 2L R ()R ARSI o5 17
0] X4y Table 390 AT gl SFREe =08kt 49 1581 S5, C12] BA it @)y
9 F 7 2REAS BEUE o3t nkgT1E AR Aol C4 XW% IIIO]E‘r ET () 259 R 28.8 wivelH, =
et Avh= oea 2ok A AR A Afekelade] c4 Ak A ek 84.4 wiveol ok T3 E9 f(1)2 12,600 kg/hrZ 1-
T IS 52 52 FEo72 A v 55 fEow 3R butene S5 C1°ﬂ LYste], $ow ek 1-Ee da w
AFE rEkolth. o] FRE (1) 21l TR 331 winol T, & A fe 178l 22]5H(de-1-butenizer, C2)°ll =7}, 1-5-6l 2
g - 97.3 wt%o]th. ©] 2 (1) 12,600 kg/hr= l-butene = EL?Q (6)‘5 HES7I2 B8l 22 A3HE 0.6°%
SHHCD =88k, g o ® vr 1S A 5 55 s, &% 99.3 wt% 1-F-8l 7,972 kg/hr— dof, 154l A vk
S 1580 225 (de-1-butenizer, C2)°ll E=3Hc}, 1481 F-2)5 % AMEERE 74 tie] 2-7R o/ slell &%t 1781 RS- 55.1%
A FrE 6y H71Z EYEs e AR 0.60% o, &= S7Fe Bl ol9] I mAtel thek EdA o || A=

= 993 wit% 1-HEHI(3)S 9,234 kg/hrE Ao, 158 A7 7S A} Table 5¢1 A|AISF3ATH
oh— 739 tjn] 2-5-8l o] dgle] &Jgh 156l AATEE: 44.1% 5

7t 0]9] FARALE Fall Ao ER-FA| 9} ofluA] 2= 33, HiZY| Q| R HIE0| L2 -FE MAMZF 5}
Table 401 #A|AE}5IT). U R AA ARsietede] o4 AN 1S 53 S

Table 4. Energy & mass balance for selective positional isomerization process with starting C4 streams treated by adsorption or extractive

distillation

Stream No. 1 2 3 4 5 6 7 8 9 10 11 12

Temperature, °C 42.1 40.9 38 455 40.6 47.8 478 47.8 3214 463.8 450 47
Isobutane 30 30 30 0 0 0 0 0 0 0 0 0
n-Butane 306 576 3 574 270 759 455 303 455 455 455 455
trans-2-Butene 2,716 3,601 9 3,592 885 4,765 2,859 1,906 2,859 2,859 2,059 2,059
1-Butene 8,076 10,023 9,170 853 1,947 103 62 41 62 62 1,197 1,197
Isobutylene 23 24 23 1 1 0 0 0 0 0 0 0
cis-2-Butene 1,449 1,544 0 1,544 94 2,787 1,672 1,115 1,672 1,672 1,338 1,338

Flow Rate, kg/hr 12,600 15,799 9,234 6,564 3,199 8,414 5,048 3,366 5,048 5,048 5,048 5,048

Table 5. Energy & mass balance for selective positional isomerization process with starting C4 streams treated by deisobutanizer

Stream No. 1 2 3 4 5 6 7 8 9 10 11 12

Temperature, °C 42.1 413 38 45 41.6 47 47 47 328.9 458.3 450 47
Isobutane 8 8 8 0 0 0 0 0 0 0 0 0
n-Butane 1,932 3,427 15 3,412 1,495 4,791 2,875 1,916 2,875 2,875 2,875 2,875
trans-2-Butene 2,252 3212 9 3,203 960 3,948 2,369 1,579 2,369 2,369 1,706 1,706
1-Butene 6,981 9,132 7,916 1,217 2,151 113 68 45 68 68 1,048 1,048
Isobutylene 24 26 24 2 2 0 0 0 0 0 0 0
cis-2-Butene 1,372 1,493 0 1,493 121 2,639 1,583 1,056 1,583 1,583 1,267 1,267
Cyclobutane 32 32 0 32 0 79 48 32 48 48 48 48

Flow Rate, kg/hr -~ 12,600 17,330 7,972 9,358 4,730 11,571 6,942 4,628 6,942 6,942 6,942 6,942
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