DRAFT TUBES

CATALYST RET..

5:::5:1-:»;-——\
THERMOWELL & \Z\ I

j \— IMPELLER

Pig. 1 Details of Berty Reactor

83



WHESAS FSOL LSLATIVIEVY W Y DLEVATIIS

< K
LRRLLLIY PN
(9154 00G -0 AR SSWM
¥ NDD . Pliai
TN S N - 5||-ﬂ|_UT.
b
_ _\|\|$|\.11\J\r\|\|ur\l\|\lml\|.h A 0
A
G usd 0 AN IATEE Ll
185 In
[ITRERN 1Y) 1 g — - - ——— _lll.
FRVEVaS “
AW 1)
} _
¥ S ‘
¥ -
HILIN
ISIL N0V Y 1 _
80 NS lad

1 ke
- MLV
_Lﬂrl.t‘l..!._ .h_:___"\.._n _l - —11 —. I all. o

- Ndva
ok o
. 1A YA
LILTL (IR
-l JHITS INd
a9
—l.’*_.._‘_. N _—
L1608
"
ol
1 ] W40 Ly

LR} INIA

8k



Femail oy of v-62 wih CHiC

LN .. I
Srﬁ‘-‘l-. s

2un dme-T

CONVERSION OF CH3ON, 7,
L
q

tap PSIG. WSS [

ar——

L]

b

cy 1o "y‘m(arhm_
u.lzf skar, COLOM)

"
€

C-olsm Effire
‘hlﬂ(. s De

-

s ]

MNrs

t

¥ C-afen

L]

Hydrocasben Selechwity,

m
n

Fig. 4
TERAIL™Y LR pLLsict

Rum 9%(2-8, ~7228/G 37 =432 T

1oC
~,
1 nrN -
l Mg 401'&
[-718
|
e z T
0q = -
Sab
‘M_
eﬂ 5 e Mry
OG ym——
7
S T
ol )
e
— T e
Qla 5 e Mry



5

TABILTY OF YEL0! -

RUN @910=4, 25 P5i1G, 2%2 ~ef'Z

Fig.

L

Bl

p n it
£ L
x \ » _H
° 4 a..\\ 9
E ;
w 3
v
& K
m f) i )
:Mm 1\ un »
g 2 q
. o . .~ Q : @
8 .. & ° (10703 wy3 pyrwag 9 »203p) 3 X °
2 'HO'HD do MOISHIANG)D o 1020pAi oy Ayuainy g enw-> wopp ) 3 MinpIaRs ueqivoupiy
MM_ . mmv b

1:6.: A T

o7 BoLot
Tyt



—p—

D we ame —

o b e———

- u—
v ————— ——————
s -
— —

FrEgie
_WASV

T

- = R

*

—

—ir-amalM

~IEi.2'C

e e ¢ B ———— it —— dra—— -

wZi,valunC

$40 Om

s e —— i ———— . —

—— ——

—ff

e e - S ————— —— —

-— .

HRHE U BN I A i
H B I R T
T_; " __ A _ S T
t“.__ &l | _ il _ _ A K _:. | :___ ._“:;__.
et vl rea s AR08 1 e bt R HEa i i} 2] Eatunetarss B AARETEES FRYRUTYTY pﬁmwﬁé.e
A ;_ _ “ _;_ X n.“ :_: ._ T_: i ._”m_: ___H : m.w
- L | 1 _..___ i1 e ] ' ,..
ok wf ___”mM:w,T_x;. x_w b_:ﬂf; _:,i:_
R A B A L R S| U
M HHM R B TaiE
oAl ISR HHBRARIE o
il g {l
Mim { i .._? A 1 _. il
P | 4 g- IR RS . A444 b i te s e B R R L e B - : g
_*___:_; AT _:m_ni_ " HAL
it AN |
V- _
bJuI -“w _ Ju.”.__- L | _ ._L+."f._+..mn_| M| __
I . "
__

-
-——
—

I
|
———— i S———— — ——

i~
1
T
1
T
T
‘
-
‘
7
—— e

e s e —— .—-n—_-r-'—: ——
S -—-

=

e e el s m— ——

N

HIG

i
I EHNg
! 4 TR HH IR
w .“ m HING qg’] _ww __.__«m ..__Em“ J_
s ﬁ il _:r* _P: Sttt

E7



wict.a'c

LE-TFL Y N T R

taf Om

1
- e — i —— — . — " —————

5=§

Y-

A
o

dH B i
. l _”" _”___L _w“ i} ____ : ;_"__: _
A HillEsRas i ._;_E |
*._. vt _ [ g _._~“_m"_ 'l
- .:.v e e & daqu _ ..r. R E S N P PR od
ot > B R B HHT R IRt
_ "_T_ IR d mm@ SRR I “ s B i
TilEg _ it b M
I BT o i (R R W 1 L i
ey [ (1, 01U TR O R T T
. ] . AER B ] ”".._. i b ' . ”. .
.n._m."ﬂ..:x.f .::___._”____ *__ _
ginl)d.g Atsfinse LubiELiL 1
i vzma,m__m TRt m Lt .
| SR RIHIRT
Hil _ | HIRRRIu _
It L
FHR R 2 1 FEea iR eves IO T
i H THE ] _
_ it "
il it RN
TR |
NHHNE ! |
] I [ 1L
HHIHINIRI it
_ R e
T T T A ] il
NIRRT RN HE
X a3l | ”t.:.r_ _ I _ | m _m__
A W ”-1_. _:m:.__“_h i Y
5J SRR T L.,__.. BERS LB DT LL SR Ly (B SSI HIR L BTy

1€

&oe

-]

28



"4 "= pgr=

NEiLYeCeRE " =JELLI S

Lo

HHI _ THHIUE AHIT

Hiti | | _ ____m :___ ‘ | | ____ __ It _

Pl _“__ HHITH _. _.:“.M _.___ | | _m_ | il : _

| LT A AR S P BINEEtiN SRR BT RIS

T e o R U R R R B R

AR T S 3 NN T BRI R AR R

S TR T o S A A1 I S R A
SN I I t! w.__.._.“:_ ] IR U R R IR BTt AL
et bt L6 E H i e | S | I e Bt P s e e e | L Hal
I J/r, L ____1_._;“:.___ A1k I
TR HE _ m"__: N TR LT IHHHHW __ _:“_
“m_n ! ._ ___ H _I.TLI ". “"_._ _— ) m— ——m*
L | TTHHAL AR HHRIU
m-... —..". E -+ _ w ‘.. nr 1 _r i + . = .Irbt.Thrme‘ \ HETE .&-.
| _ HillTi T o AHHR )

_ . ”“ ! _” ) A, _ _ 1r11_1 _
Hit m Hill HARE N
— LF--u ! 4 4 -+ . _“.. 9 ._111;_..“ [
HRmIEE HE [
i | il i _ 1k _ )
T | B JH NN i
m_ . + MT w. uﬁn.u h Lr SHEE i "__m HMHLE ‘ “ 11 L»
| A I i
R G | i w _ M
T 4 by 1 g1 N il TR
i M MR U A
i _ A i Rl iRt Bntmntinimi s
i Ik BRI i
| Nk ___ {20
HI AHIHIEIHBIEE SHKE
_ i “ _ m MTT‘_ 't _. ..__: HiK L_.

_ ‘ __, JHIRE T _\T_r bl " | il

X P L8 ,v ..__ gt e * i
s L \.m*.::; ._.,ﬁl_r HPL L L L*Prr F”..mL_" 3 _..w._ [HE __ ¥

Qee

T ¥

IF'

#08 TEMP, o0

Ic&




s 8= = Jpv.

wDii,veCewsCs ~“222.31C

§4C COm

— ——— i . —— e .

- ——— —— - —

! -'-_-“—.I A —

—

_
|
d
|

- e —

="

T

- ——
- ———— —— -

=y /4 S——

WHSV.

FaaH- WK

reC=To—

— - P 1 - m m ——
Jal el S R

-._.._t ——.-

1

jy—
=
—
!

L

-
P -

e m—— b — et ey

- —

-—

b e —— e ——

===

ek

— 1

— ——— 4-___———-

b —— -

—pe

- e —— —

s

-

....-.—--.—_?_-

't-

e —

O R

— e —m— - - -

- ——— b

::_.

ST TG T
_._“__ I i ____ _
qHHE ,_ _ HIRHTHE
b g 1 ..g:_ ____
S A EERSE RN
“ A,
: | HH I
. il _.r.r_r,_
REN m NRHIIHEN
: [ __:__...:

AR HEILHH TR
il il _ HH
_ Y _“:
1 Al ; ﬂ-ff 1...rﬁ_~
TR AIRaHIn R
SHE Jill; A1
i P
_" - - s _” ..._“JFmr_“.
SN ‘! | 1H
__ EHE ! _ gt
SRR AN B ditl N
RN | AT RIS | ERE R
il IRIRIBl e
". .._, ' . “. “ ._.....
R A HINE N IR
g A HIHE NI
DRI ba1 R A TUERSH] | 5 g S
L] T
._.-.. . [ | [N I}
HElE “:___ ;:r_
_._m._” kAR R

b )

T

vF. 506

B :lbddr

V-1

: 1y

90



~g..iveCsaCs “1CZ.2'5

4t

————

|ty

—— o m s

vt ot

‘T

- ——— ——— Y — —— - -

-

— —
o

o

iy ¥ s I

-~
—

B

oo (0 e S TR

-+

2RO JIVHS

-

——

*——-———_————ﬂt.ﬁn‘é -

—.

: S —— S——

———

- ——————
& S——— —

[ —
———— —

==

b - —r— e . S———————————

— e e ———

s
ya

- ——

——l
il
_ b
e B
—
h

-

e o e = - e e — o —

o N e m

- —— - —

-

———

— i . :
i — _ [ . ] —
. Ny [P WIS U (PR —

_ Lfal e YN R EE K . "
i), . -l N
i e
_._.. v T B . K i
i [ [N . ' '
NI ._»._“;_._
HIOHL AN T
+ = ‘._ E -1 — & hl.ln..l” L._j
B | . . — ] *
Wit SHIHITAREIIL

—. B ] -_ \ .
¥ ST IR
1 [ 3
-1 I '
¥ iR I
7 nl_-u. h'mm m : hl.-P.
i | T i 1 ' _
| | ' s
i -
| T
H
___ |
iRl
[ I
[ .
_ .
-1 -4-1-} . | 1 ' _

- — e ————

— - — — —

+ o  — - o —

———— ek o —— .

;

- —

|
-4 -

T — . ———

Seo

oo

-y -_—
-

ec rgmp *°

200

S e e e -

Ll

L8N



5

o e i —
- ——

._._*
S|

-

__j
b ————

- o —— e ——
. ———————
- —

- ap—

- S e ——

i o
—— ———

r

e = - ——

— e am . - am— -,

—— e m
— o ————

— - Y S e I S E————
.. .-
e -

L

o bme = me e

——
——

s

- ———— e - b

vy - o= pess
wlia.vesesll =300

|
——
——

Sra—33F T—- +

" “—

1e¢ Om
;—6.4.

[ a=is]

——

J__f.H';QFf_____:

. ——— — — —— — —— -
|

- — e — —

- f——t

- ————— e S———— e

——————

- -

fro—

—— — —— —— — — v i  — —
o e —————— o —— - -

]

e sepripoammaiig webel¥ o
p— p— sap—

. b
—rem o — e m———— e
b . — - ———

‘._..

T

Sy ——

pp——

R

29w PSl G

.j’.

-

et a—

— e — -——
. ___4:. -

-

. e - ——— =

y. !
[-1.

-
i

DI

i sl

N

s ke —— s — -

o e — - —
| — . ———— - w—

—3

-
T3

o —— - we——— — = r—

—_——

R

po—

W P
2 —
-
b
k-

-

-
P — S—— e ——r— ——

1'

8ee

rl1-}

g S S ————

oF -5‘°°

G2

300 mepp 00

.- —

- -
- A e -
— -
— -

E

—— rm— ——

G ————




=1£2.3'%

LY-RFe 4 33 % B~

tal BN

N —

iy

5 ] < Sy o S p—

- g —— - en e s

i

v} ——rERE

=
— r— e @ — . " ——
- RN PR 5

i3

p—- fea mm

-——- - ——

. i E——— ———

HoowMS Yoo

'

=

-

~
=

r
F

. —————
—— e ———

t

3
-—
— —— e —

PRSI S

i
ey Apga—

I

St A S —

-

) —
— e

— —— b
e e

e - o c———— —— —

b v e - —— — e —— -

IP—- ——

=

——
.

T

e

b oo —— e

S e me m———a

- = Em—m——— -

- ————— — i —— "

o e e

-

b—

g
_._:__ L
TR m..: i
X . __"_ e
L bt by
sifih et b
st B
(LR
T BTl Hi
AR
CERI
P reitsd eviti b b
Qb h Y
HL

{ w —— —

- —— i -

s mm— e

e
I -

4

-

-

N Yy S

o ———

- ——

=

P o e — o — — -
-

e o o ——— ——

E

*-

et

=
-
L
T

Y

- — . ——— ——————

————— e -

el e
L |
._——
[ ]

: ”___

_ :__

1 ‘

N . - .I.Io-ln

__ o

n_ | I

I e

-_ Ig» 1

:—,..
| RN

] _.—

! _._.._

w _...,,

F. [

-1 e

®ee

ez mp2®

Y
200




wIBZad'S

LE-TFR Y B-T X 13-

kuf Om

———— - Ap—
v m—
——- e ——— -

. ——— e S—— .

———— — e —— e — Yy — ———

Ere—te

p——

fu
L =

— e A ——

c o d—

T e — e — | S————
L —— ————

g

N L B
_:_ il : __ _ __: il i) ___u_ | |
i A AN Y DR M ARARR RS DR I T L LT R ¥
Vol it __ BTN BUHHE u_ SILH] HE L
iESE HHE e S B TR R RE
i HHR SR R H B AR
“._.___: “_. ,_“ i t:.r. _t.;:.. :._ i _”.:,m
SR I THHE S s aiRn ._..._
.?..lwnuL_v“lml._. ) ‘.,_,.r_".._...wﬂr”m_”.“” N L_"”ﬂ# H.HMJ I m h.“
Vit TR esE aHRniRE Het
Rk T H s R DR
_.__ ._. . ' - ﬂ_”‘_. { .——_
o] HiN ! i Bl 81 _ _“
. | . R EHIRE
i BRI |
AT it
T H T 5§ B0 Frgy B _.” i
3 HHARRIR “H“
alll| 0l e
w___ L EEEIH T
H_G 1 ' .m“w.-_ . S 11,
1giwiolil RN OITHAR R
& el
a_,mr hanph il
el M RN HEH RS
A
HITERA BRI ERTN 1
! _ _"____r.._m"_": R T
Eiths e S et L
il (I ASHBHRNIF _ i T
. AIRE IRHRSREE. IRRH IRt il
B (1t Taai T (LR
Uit HITRIR BT T L st

7S

e

cc



Hoew o m-wl tave

NZi,veCeals w301

tit

-——

e . s dmem s e o - mee

s . — - -

| — " - — -

..i.._ -

- — A — i —

c

—————

P -y seyay - 3 o S

NS

R —— S A

—

Y .

e

L e

—

=<

e ——— i i

T

e A ——————

- ——————— ——

—_——

J

U S

— =

-

——— —————— e

-
[V ) -
e
o
—

— o d—-

"

[N [ W] |
e
iy _ i WO BRSSSY | | PR PR
T
H EHHH AR
NI AR TR
SIS B O T FEA AT A L P
HiRin m :_..

1 i y AN

HNEBI .
_r_..";_u_.r-_.w_F Al ___
NIERNE | THHE
] [ - [
HiHRE A
HERITR I
i ik #
7;_ ,r,rf.r“ q || : |
} e I Lis 1 rmrr _:
diHUHUHA R U
HHE BTN ik
THHHRRIHL i)
L !
i R HIUHE HTT
* —. ' ﬁ _— ; ' e

L e
HIBIRBUITRUIE Him
d (S R U TR
L Lt Sl e L
it i 11111
_..,_.. ._..._ v i
) :... IBHEHAIL _ | | ___
HiBs R i
4 _.._.."r_._._.." 14 [

k-]

uy
Ox

“rema >

<00

%0



=3 * = JAwm

~IET2'C

LIPS N1 Y 1
S L.

LK L

oo

i —— —— —

‘L_- -

"y

e e e b m——— ] -
|
L
i
)

- -

BN
i
____"
1.0
TREE
.—Pl.l!tl.%l‘

e

1

et mn e w— = = — -

-

-

——7

R

IO WHS
pea——

e —
L’L‘I CH

=rF

r—-—

V_ —— i . —— B — -

‘ it
i
KA
Il
'
N __.
— RN RER N
| by
" m.lﬂl. [ N Jm
__”_. dhhil
. H I '
_ 11 . - "—_
*. [ 1 v < ha
SR byl
._..u.l.ln. ! %.. ]
I ]
el
1 -m
VR
L] L8
il
4 H _
—,
4.

=

ek -
e e ——

o

w00

‘r_
-

T )

=

T
i
|
—
—_—

— g

—t

- o —

b
A

I o o er— — R———

N 1-r.,.
__

]

AU
HEININE
| :
ift! "
il

LT

LYT)

4D remp 2%

1-1-3

96



Tad 'S

NEl.YeCeaE3: =2

Baf

.'r.---.

o

oF&D

I TITHHHRTHERT

BT .__ .__ _ _ __ _: _ p:_ _ o .;_.M\_ _ I __ “
) sl 1l 11 — —— | _-_ i .__ m_ m “. .— *— _.
SRR B ettt i e SR
e e DL Lty
o LGN USSR ATt R HEH (T
o o mw _ ; _ L: Yol _. __ N I _u .:“L
IR RR 1 A L U SR TRRNER PR IS SE A B S
S s T R EERR Rttt L BN

¥ ol el T il T e [T el ' ey b

1 WHJJF.L» L : | il iR ” Lo ____ ; ! | .m:__
NG L RN ERHIBL P

“ “__ _"“f_/z_” _m I ___ H e

F »Lq__ E(HAH U qriﬂ AHIRHEHIELER

_.. “ | _ ' __ .m [ __

; ! | . N A BN B ]

. ! _ N\ AN | “ _
| ! _

H j w

v |

L ——— e — ——

—
- f——
rl
i
g
e { r ———— —— - — s
e WS

— — _.‘ —_— e g e —— --t

30 wempt®

|
|
Rl R Al
AT i it
AL R g U e )
AR s aieeeannttanitfisinuasiat it Entat1Ant i Eetee e TR ST HA T Enavn e it el e
__‘:_ _ il T ::_.“ [ _ il
L \ L m 1IN _ | Hiil
I J HUTHRIHE _ _ | s
it B ] D |
_g;fg Wl | THlREH A I
I J | iy R AR
Ha 4 | b FrBIEHER I L
fis lil I R R R R ] B R
_,_ | HIBHSIAE __ |
| g il

H
- -

pa—

. . e
b

168

‘u‘_
e
=
-
ek T
e A ———
. = Sp—
Ve — -
I —— e - e
[ e



'

-
- l‘

© e e ——
-

--—

. —————

- oA e —
-
—— e o |

e ————

— . ——

==
L

-

e

¥

- %
I
1

- E—— e = o ——— = S—

§ o — —————
- —

. —— —

——— 1 s — it —

o —— .t B ————

e ——— o — o ——

| R,

———— i P —— ————r
o ——————

- —
|

!

— e m—— i

=i

I

- ———— .l ——— 1 &

-——

-t

e e mee— s

o om————— -

e -

:

-

— p—— ——

- v f—

P

- f——— = s

~31cl.213

" - e

—n —
————

-

b

R

LL-IFAJE-T Y J-2-
—

— __.H__._...._._._.——_ - - _.:.—_

.f- ———

R

b S — — ———— i ————

ter

e -

|
A

— -
L
~if
—
:
=

[— S

L

w R

. b —————— e %

fa

— e c—

|

— 17

li—

[y SRS g

— it . =
- ———— -t
o ——

15

4 ol
Ll

25

-

T MT O WHS Y. T T

- — S S—— —

YT
¢ -

he e —— — e — . —
— e

—

o —— — -

——
- e o — -

. - -

e - e — o —

b e e
v | ——

et e -

. | omme———— e o e e

i

‘E.
98

TEMP




wCi,YeCast s =IEI.I'E

[T )

1%

— —— —— w2

R - ——— | ——

N -

OH:WH_sv—'_—“"

-

[ =i R———

=1

A’ e,

T

s

-———
L
|

—r

— o —

2 & —pers

- Yop-w

| = e——

————— — - ———

- a =} .
T ——
-l

- :
¢ e W e e

g
—— i ——— -
'

hl-%

+—

-~

\O

—

- —

[

e
—

===
=

— - m —

P or—— -
ot e

- ——————

P. - -

2

[ L |
——

- ——— —

&

— L

] )

o0

pa— o

——— e p——— . ————

LA
— . ———— ——

¥

— — r— . mi—— T ——

- —— e & p = = =

'r--_...

f— ——— e

o

[

————

e e ———

Py S ey £ SR

o —
H
—

=

n

}

em

TN aTRIE
(AR R R
U] el N N
HRNEEE EnsHinsminlin
A BIEN __"._;_:_m
R TR N H I TN E
I TR W1
Fpefeeds el
TH i it B I e R
Tt
HERAR
LA LI
EHNRTHAL
S “
1HHL
:-_ur.r Aot _.%
L
R NI
Tl _

o —

- 3’:"_'_—' i
1]
e - - -_._i._ -
g ——f

 ——— e ————

—

e

— -

:

[ ——— p—

01

1]

=i

t

==

T

—

LT
-

IR

e — - -

[

R
"0

—

tép

b o — . ——
FI—




" At o v

wSl.vraza®Sl ~ICILNIC

LT -1

-

Lt ey TR ETHHRN T T e G Gl e s
N it M _‘:_ it __ _
SR iRt L L
LTI ____ 4 .m“..:“_ (HH .”_._ __.p“._ N _m;_m ”_:mu_w.._.
...... P N i el Eaaleweet b X 1881 L e rat £ e Enommet ot Bneveat i b IS S T TN R A AR T Y
gt iy V..;._m___ _ ‘___"_““_ " ___._n.___ m_r_m.”.".z
RS R B e __ S H B T _w__ __.____“ :_.__:
[ ..l_.—_.. Ir “_____ 1 __. .,_... [ —._ _ 1. — _ -m__.—_
et ao| g I U I R R B R
e LS T b e e it it 3
ol ﬁ_&.s Q iy M [ A w_u T ”:.“ i SRIHIR ﬂ__“_ :
ST IS E R HE 1 FHEE L H Ik : E
NIRRT it {E (TR R THHEH
RSB T [ A Mt IR b
SRR {linmRai i ([
Hht : IR _ _ I}
INHHLEHLHLLLL, | L 11},
A R e S N
dneEnine THRBIHIN HIES
____ THIERE nnn THAR:
il ; , [ HILR I I DI G P
lrf. i 4 i _“_.__. wm 1 .a”-d
_ : HiE P |
! ! 1 il X H B ” U Ut
:__n A NRRIEL T gt
Mt it THIONHERURBIT R
il __.___:._: # .
1] AR TR I I HIT
I | - 1 _IT At ._._d _ Tt _ h
_ ? 4 [ 1 “. "_“._. w. ”.. .
[ rilE AR *_M AL b il [
i ST P14 J..TE..Q MR SHRHIE H
TR AR AU IRRR N RN N2 il | TR ER0E 01 R N B SA WA A AR A FRRRRR NCSA 31T VRS RETERITENLS lo

1¢c



~3E3.3°%

wSi,veCaull

540

—— o —

— i r—— — —— . A ——— "

Z
e — -

- ——— -

— —— -~ — i — —— i —— —

cm —

—_—a—

I
__. . _"___.. _
TRINME
A PRNR AN _ltihr i)
IHIB =R
] w o i
il
i
R R T DS
QeI M
IS _
_@ altt]! _
ha [ N [ "
.ﬁ-. 11 H*u"_Lﬁ.h s
| _
iH .:_
_
_
Ol I —
i stk
L i

o — ——— i —————— eV

-1

-—— e

o —— o ——

- ————

- — ———— —
o ——————

Ly

—— e ——

- o ——— ———
-

——— . ———
—— e - ——— o ¢ it

—.
e e E e |
I :...;"_ _.:__"_"_
TR B B R TR
HERRRIHHHRIRH | HE
R R T B TR
el LT _"m NN
SR ¥ _
BRI 1HIu
HRAGHIHAL il
L] |
_:_"_ ]
[ it
TURENTHTHIIE I
i _L_,t ‘H F _
i Lri JHDHIR T RIS
1) N _ a TR R ...
RS
Runaiae :__
3! _ L HHL _
H{H HIE
LA _ i
i T
R
W
THIESHE _wm i
_w_.z_m_@_ JHINE
Ll it e T

F1-Y-]

Tea

poo

oz 8s8

- =

2

36¢ wrem

1)

1c



=JIECI.2'C

CECRCE T Y 1 I

wEiivateatl

546 O%

——
C m e e —— —

—
et cmmd

T_ﬂ-‘r-ra-w;- &5

o=

ZeEM —=--.

P o —

-
L

- —.]'_ -

_'-Z.'_}

.-

- e - —-

::Pslé-;;; ESREE
c

ﬁsbl
ok

oy CHI oM W
r2%a-.

—tt

- —

..‘r' — ———

b o ——

—

- —— A p——————

35

!
H

. mam m——— o ——— e ———

Fo——=

- — p—
- - wam e T —

b

_—t—

1w

e s s . — e — b — —— | t—

———r s =

— i A . — A — - E—————

Boc

-
-

v';

——— -
— a——

b

at -
<
of

LN

=

p— —

b -

e “ . L8
A I BRI HEta
| P _ Sk i “ |
s R S bl
S T V_ g
e Fllr-llhlu }. wlll_vlh
RRERANR .___m_ﬁ,.
R RNEE THEL

ek _ Hi R

NTHEE I8 K L!;.F_.t._ H

i il _w_.s.

,“_ i __ __ i

m__ﬂ .r_._. _wr.m

10 H T X
sl ]

A __ il s
. ] w

i BB GRS

e ST .rf.rkaur_ll.:a

| YU H i

| THAN

S I 1)

_ﬁ . _ B
il AR
| EETE Hi
2 i ! IR,

: . 1 1 _“"
| | THI B
‘ ] ‘_. plﬁ i1 ]

lpz2



a ———
- —

Ere—— 22— -—
—Q

<

- ——

e — b
e e Ame e

e

o o — -

=3

T4 = s oawen

—

=

—————————

b —

4
i

- ——

I8

J . o i .
. — et T+ = - e A ———

Q3 O H

- ———— — ——

b e m——

w81, Ywlns

fel OBm

.

A v e — -

—

- — —— i — » o —

i

)

—
—————————— > —— — — - — o ——

———— ————— e .
ettt - = ——— — =

e Sr——— ————— - —— . %

— ———— e

¢ P ——

- A————

5

. !_ . ———

b r— ———

PSIG . o

1] ——— -

WHEV

q -

28—
b o - —

-—

— i — L...’_ -

e

el

- ———

IZ

i

i

- ———— ——

(3

- m— -

——— — 4,_
Fy—

—2

e e ——— v S————

e

. —
T

. ———
— —————

— e ——— -

-

o

— -

P

oo
— T

o m—— o ——————

- ——

$ me————t-
i.—_-

F

-——— ..

i Sttt Attt st

. t.__.-..-..-. -

-

—
== '
1— i s

—_

- —— — =
— - ——

—
j—

L

- — l. ——

b s e — e ——— e — f—

o
b

iy ——
R

- —

R L]
P I[{H! _
b THIE l
L _
i |
L _ _

IREURESEL] RAHE RS L

A0
b

|l |

bbb i
e 111},
' .

-

=

e
i
— e pam -

- .

-

~—
TR

-
*_
-
p—
3

X

F

388 wzpp©

ee

[ —— — - -

103



v 4 - = jlem
fuf ON wECi,velastI ~)DI.3C

- " ——

—- _ , o TIITIiT——

. - . - ez . —————— = e—————e
. e e - — ——ne — e m——— e e m i e g — — ——
e e —— ——— - — — y.d - A— . —— e e e w— i e——

— - ———

_______ A —— R — — e e e e e oam
- — —— .- - - - ———
—_ —— e n 1 T e———— - ——t b —— e ¢ - v ——————— e o~ ——

- ——— ———— e S ——

P——— __.___}'516723': S
= ‘ : o TroeTardg— T o ——

- ' : . : —Zs M= & T
T : — 13 :CH;EH__?H S__V'l —
=—— : = 25 PsiG ol

; =— 5-Ps
= mp = I 7] 3 Pl SRS bt
e L

——— s b mm—— e e ¢ = s = —
- —
|

t. |1 A - . — e ;

‘____ 1 7 | _;
& - . — — - o — —— --—.—--—+—n——-—-—1‘
—— ?— — —= : L —
1 T T |
T e— — : oIt T
H . — — o e o m—————
PSS g Y Sy ST Sutyaaall s it S ps—
E-;--__-;-.—A_,._i_____- - e ——— O ...._-...-.-....._._.__*
- — i Sy Ay gyt S ——— ey e
o | e e b e e — e b f . |__ e v u e omm orir s te e L.-.-...---_-—-!
T — -t o e o — . ...If— j - e - b _-t. _.—J
- = < - - oo —
ey — — I e S e—
--_--_--]T-- —-—----—--—.‘ﬁ — - - .-——-—---'——-_—--— - - - mr e ——
= : [ — et Rl Lttty
e — et ——- - PR - i - -k PSR (S —
N R i
r— s - 1

- -—— —— A i W & ——




g =G, in
- Rua Q7to-i|
3 L2-105-¢ .
w CaHe WHSVER I "
e ;
Cakk/H fel
7_& f 1 ? 3#‘ ‘e .:r
Q 18 PSIG
v :’ - ;5 L) x
Q Y 3 “ic
g’ L ‘&J i
3 £ I
-8 b . —
e ® p Fe “a 5o o e o firs
wt 7,
gt
)
v Ci=c4
W
3 N
v
o
g‘g- /
< L. Cg = @20 'R
3
o
<
-1
‘9 M= -
e by 2 vo L ¥ . e fc hrg
~t
o8
SATURATES
2
s )
=4
\Y]
<
LY
so) CLEFINS
>
N
%)
-4
L
w
[
] e - 3o e Se sa ie ¢ aar-}

[
<
\n



i Fig. 28
3 RUN 4T1e-1Z
7 Li-18S-e
3 Cah, WHSY 81
2 50 Cabh/Ha @ /1
3 29 Ps.&
« #So *&.
Y
-
|~
\J
¢ ¢ i e &) o Q-; 510 éo 'J*G o0 vy
T
=160 -
2%
-
N
W
-
(Y7
i
W
3l
\C)
F 4
o
L=
x “ise ) X .
< -] 5o -]
joe
z SATURATRS
- —
Q
[ 9
v
§ CLEFINS
L ™Y 5‘ -
-
g
o AROMATICS
)
[V \
aq B Sc “ l;Q

106



CONVERSION OF Ol

Por G RANGE SELECTHVITY

FoR C5¢+ FRACTION

u: Fi G 26
RuN  4%:e-13
La-ics-6
Qe Whsy = |
180 PRIG
4o °C
CANTINDOUS FREDING
- Ne [mrerryphen

°o e a-d io bo Seo 00 e Se 9 v meurs

wt

D s

L1 - &4
Sop
CS- 42o°F
] g 2 n S ——
8 io ® 3 L) [ [ 7a &s Q0 o mpurs
wt 7
16
SATURATES ~——
Sy OLERINS
BROMATICS
c
& 5a 190wy

107



BOILING RANGE SELECTVITY.M. T CONVERSION OF CaMy, %

For Cst FRACTION. W7,

FIGLRE
CATALYST
I“A-_..—-———
Ru~ 4710+l
277°¢
Sop
kY
e e ————
0 10 20 Hrs
106
& -Cu
-——
St Ca-H20F
blo+ ¥
0 e 2o M
[
SATURATES
-
Sep
QLEFINS
ARMATES |
© e e 10 hry

108

27
veg- el

Run 9T1e=i"
3uc¢

e e

%0 My

&G

. c‘.“u ¢

c ®

——— 2O T

20 Wy




FIGURE 28
ucc-1ol

Run T710-14%
wef 'c

e 16 Zahs

g-Ce

Cs- $20°F

W1e+'F
& o Wk

SATRATES

oLEFmS
d

AROMATICS

6 Y- 20 Hr3

109

Luu ﬂlb‘-"s

bes e
r LN 17
427 wisy

© e 20 Mrs

C|'CH

Ca-b2a""

&20+'F
Zo hry




005

oo 002

909

(4) INIOd M1T08

L L4 ) "y 113

B AR _amn o

b cerarrarnens

- i srsenmrennua

NI

b crnsrmananan

R TR

e r v msanaa

sl

e

R S

Pocreeee

Y Y

-
L
L
L

-—cuem
.

astypsgsentonns .-c-.-c-v..-n...--.'..l--

B6Z-8& HisY :e-njad_-u-.

H

N
e RPN

"

H
O

.

H

.

.

H
- cees

.

.

H

H

I L R T e e L T E TR T

cescamsansnracfisaimmuraren it nai et e,

omasmsssdmanmuzaleritsol i snsmadbggansdintanudeine

csacenanvmsoeiffrannsronraraasant naniiamarnnns

TR P IR NPT EEEL TR )

SN

rervmBsAravamm Ut AR m e il AN VP OsNLIesedm i nanrRRITRTy

v

<
<
<

v g —— T———

eend

cmsssugsnssnsrrerrurisnenmrtisnosanannioass

R T I R L L L L L TR T

JLYVINNTS

drancavalpananssn

samrdrEedmdanaB-sanes ghedeas

comnnnaskattbafrsssvenainrnns

inmsgmrusumsasgrEananItaannn

Liuwssa]seesandiennans

P L

samasdBasnvenS Al ABE N Lo sps aancsensfiananed
3 *

.
sumvamrmr=bnandanensens i anarmurasntnnnannan
.

semearariranne

AN TET RS TR FEYS BTN

ceerrwa~~

.

...lnh..-n----.-..-.-o.n--u--l

L LR R L R LA

N T

srerrsrrIneern

EERTR AR REALE L,

B EETIATERTILEERE

camet-gn-asen o
cpusiimasnunin~f
ETITTEINELIRE

casrarasnen-s

Y Y P T T T P P T PR PRI - YT R T L

cear-Prrarnacecnr o

d-lnmuo-h. ‘ON 31dNS

.

i

U

. .

-

FAAN TP

L L3

L 1]

[
()
aa371LsIq &

| 7

* LA

110



(40 K104 HIIo

"

L 1.1

RIS

PP -

[ oo

LT

arserapranas

- edsrmsrraerhimrasanasnass

200%-4 Mi

crrMtedburvea.

E IR I

asirratsabasn M ananrnSrunn

g HOliW

iwsmmreraersas

——rr—y T

PARTREER R

[t

TURITE

Y EL L ET R T R P T

..-..._...u-......Q......

wusssnsdriganssbinnrsen

oMb avtrismiagavnefusniad e oy

amsipisanarpra

ssscbsaersanns

sasereersar

<

<
F
L
<

ISUTTUURRE SRS SRR SURURPPPOOR

R TRTREE

L

devensn

LIt LIRS SPTTIRNL I

sarmriErnuesy

sarsrageamsnEE

R e TTTTT TR L

i
1

.
N
:
.
LR
-
.
v
.
H H
: P H :
. . . .
' H . H
. . : .

: : . . H
S arrreaia PPy S P T T T ST PRSPPPEPEPY Y
H v . v H
M - H . . H
M H . H .

p H . M H
. . M 4 :

{ . : : .
N T T T T T L e T LR T PR TP T N T STTTTTT TP EY CREPPPPRPP IO FRRYETRYSERCEE
. H . . H v H
. ' \ . H H '

: H H H : ' H
. H H . . 4 . H
; . . . H . : .

. . ' . \ p .
LR T N L Y PR Y N RN R R R o Brssamsaanaint ol -n...--l.lnutn-l-.-000--o...-o--uv-ot-l
H . H H
v . . H . H H
. . . . . . .

4 . : : H : H .

. 3 . . . . -

. . . 4 X H H
e P P T . PP A
L] - . . . . "

H : H H ' H : H

. . » [l - - H " .
: : H H H ] : : :
. . . H . . . . .
. ;
e T TE LR T T T PP R P REY PO P PP T ST P PRy Y TR CETP PRy L ELERIERRIERL RIRERLEE T Y B 171 B 1 4MYS
-
. . ST . d . » ' OoN L
: : H H H : . .
: . . : H H H .
H H H ; H : R H
. H . H : . ' .
b a b a_ a o a b o s o 4 b u_ a2 o A ' a bk o o oo b & nen o & o & s s

L 14

L1

g37TILSId A ‘um

111



-a

(4) In104d JHIN08
L1 003

o

- rcasssnnenn

s asssrarsmans
= canttrmrennes

LR T Y

[ T TR R P P T T P P P Y T 1)

egavrsnaemamyn

TR PR Y Y T

.
.
.
.

-
.
.
.
H
.

P e N TR T AL L

.

:
H
H
v
]
H
i
'

vame st rdengen

P

mmemermasapnr-

ETELE)

Wrdriacasassemagmantatrrakakrang et T barina

ennappanasnsffavecanenannitrifrreriscanirane

Srmrtassustosefonrarnvausneeslinboastacsnnsen

Py e Ty N T L]

R P S J

S T I X T T LI TRTE TR
.

arrat @R uiriteSinareprlanyasoumysuartatsiesTomm s s BRomnETd

" : m

STTUPTUTONE SO N AR OO UUY- SOOI SYUURS ]
: T19-C1-8146 "ON 314NUS
i s s oA s aa a koo a a s d s a s s

anpraswntnass-aiff-ressansanyy

feersnnsancrons

cnnsbanuresflialoedanunnsnnnnne

ersssefisiecesBriencirBuccce fbscatadmansen

IEETER LI LIRS

SRS SR ARG SLA SRS ELARSRATE AL A A _

-8 :5”« HOTLYTIIASEE -...-c.-_....-u... :

_.. ..... R 057 ACIOINT SCRRARS
: m :

STTETYRSTITRNDE |

T T IR

L R P Y P YT T T Y

.............4
.............4
rravreeninened

sesetaryraven

1€

Oi4

112



(4) LHIOd MIT0W

L LD L 11 L L) e 009 L 1] L L ] 117 ] T4 sl L
SO S St e S el SIS —r——v—v ®
H H H H : H H
H : . . . . .
. . ' < . - . H
. . : M : : H ot
- B T PP PRI . R R IR TI R T P TR T e d [ B ceiees
! i i ! ! w ! . '
. H . M ' . . i
. H . H : H
L] . . . . * . .
e P #eiveantaianies )...........c.......:........u.n.-.......:.\“. wam - TS .-....n“. .:-1...-....m.o..-...... .4 .~
200Z-4 HISY NOLAOVTNITIE €IAY WIS | : : :
. . . : H H
: 1 H H : H : H
aay -lulnul-lln-l- LX) sgmetavaninamany -IIA--Q- Bassmean sssfu=udbrunre BisrsEaTaw ‘-- rhassa s -nuvr-bvl awverr =
vease .. SITIREL 3 beee . £omeen Foreases 4 ' [ ] 4
: : : : : : : : 9
H : H H H H H H
. B H - H : H : ¢
l........-....m.. su-srasun .m ............... ARARR LA m..............m. m ..... sresan .a.. CEEER T TR -.w........-..... [ ] J X
. . . . . . H . -
H H H H H H H - o
H . . . H . . .
i : : : : : : : 1
. H H H . . M H -
. . . . H . M H r
b iicavsenreracfarassscncnnenefenranstoraanndliae P CEXTETIERRR T Rrroomnvannnans ferecrrnensetsrfrasoanmertndncifransnrcaniary [ 1 As
H 4 H . . H H H "
H H H : i H : H -
4 H . . . H . H
H . . . . . . H
- T L LI TP T I RO SO P TISTTPITTRTERS N 7 3
. H H : H H H H H
H v H H . H . .
: H H : . H . H H
. . . : H . H M :
. ! . : . . H H
b evavoransran-an . :- | I r-a--ane R T PP T YT TY PN PRSP e N
. . - - - - .
. - . . . -
- - - - - -
- . - L] - »
H : H : H :
.......... [ T Piemagnsa Cefreenvan . : 41 9
. ! : ! M-21-0126 “Op 31dNYS
. H H .
L ——— N IDib.-.PlllhliPlelllhilll..-

uwn ‘O3

113



TR TR TY

rasamvEnrers

- s nesennernen

ev-sarerunen.

1 : H
+ . .
H . .
b~ v - cbaturanepunenpenngriagfor fovventrsnssnrigivaravarrvgeinifeasranrnensrssfrenagprrareverrrenresgrivans
] i i )
H : H H
H H : ‘
AR ELE LTI .-.-..--....-m.. . .m...-..........m..o.n-..-..... veqinussnsavarfJennsraursanngry .-.--....-44
H : t : T-21-0126 "ON J4NUS
» L 4 .
PP PSP T awa b oaa s B aan o8 oaa s abe osaa b s oy

ivez-s Wi

. :
H 4
e L
. . .
: :
:
_ :
H H
.
T T T B arrayaaeae P
1 .
s
H H
H H
- »
: !
T LT T L LT TR PP E- BP L PP PSP PPPT- PEDYEREIES”
.
H
.
H H
H :
H
. .u.|-.|-q-..-.--| v LR} L]
H
]
4

S N TT T T T LT FT T TN YR PPN IV PP P P

“msgaveratedry

w
m
;

(4) 1H104d JNIHOE

eo? L L L]

Cegpens s
I

. "

. .

. .

- -

LR RN R R} ..-llu-n---lnltuo-.

BrmnevrayssAan

LR - L R Y T R Y L -t el L LT Y]

e msevsgeuans

e ......-:.......i........;..

iaesd-sunavsbossacnelrnavun

affacngssanerardreinenianuces

asw-Vderdgrvaaguroiatigaanmes

pasepnsrvgenasfraruncrpionven

chdguupsEsO PN

TR TRETY I AL N L T

CisREgETEIEAL

adan gy

curpagessitannr

T IRRL LIy

g
IEETEEF TR SR
sanqbignursas o

vipenavenesd

EETRT EYRYTENE R
.
[}

tesnemsgrerer o
vuptsrepsenseo

I TEERL LRI

tt

9id

o

® » & =
- v " =
IITILLIIL S 4R

-
[

114



12 8m

or
/s

2
-
o
L
Q -
Sz~
g
"
o
3
U .
¢ »
ito dsa 35c Ly
80
e
)
>
[
3
=
» S0 -
oot Cs-42e°F
bt
Vi
—
S,
=]
= —_———
et : =
; &lo .
Tzt EL 5 "L

diee

PRODT CHARACTERIZATION WU,

'a -
OLEFINS
..//:—
) /;MAﬂCb
| -
c L
%2 Jas iSe ey

.J
[y
n

[[1}
1]

=IEUR

.
i

EFFZLTS OF TEMFERATURE
ON FROPY_ENE (CrFERATICN
WITH LZ-105+e AT 122 P5IG

RuN 9972-1 L2-ic5-6
Hi:laHe @ P

Care WHSV =

1528 PSIG



Y _ENE

FRESSURE CN PRC

-
-

[ 8
W
L T8

10

Ly )

Y

()

o

RJN @d7L-1

foQ r=—

- _ e —e e

o0&

a
7 % de a0

' P iam

e

1 nPl)

= e
\

Jor PSIG

300 15

e

2 Adnd313s 1deyd

InPigm)

_ o
i
E ]

AV} .

] n

N o
w f °
~

i
S Q9
3 R o
)
| L
o

LLR

[ -

g N u

v d- . q

. w rl

v [ ) +
Q
o~

i [
e P —— \..u
-M h2 ]

RRLMATICS

SATURATES

in={atm)

3.3

100 ™
Se

. SATURKRTES

OLEFINS

>

~ —
y—

e

8 3
7IMNOR Y2131 DIV 140yd

30 inPlaim)
300 B

doc PG

T

11%



CONVERSION OF (3Mg, 7

PRODT SELECTIVITY, Wt 7

PRODT CHARACTERIZATiIONM 7

ee

g

N o .y -

106

¢

FIGUR

36

RUN @872-2 , LEI-102-¢
Mr:QaM R0 @ fii 2
Cake WHSY = c=
180 PRSIG

i *C

- 2o 3e 40 Se oo e Lo HaJRS

/ Cs ‘s . )
M 1 Cy Aliphadicy in S i0ene Qad

Other Liguid FPraducts

:im-—-——---——--———___

c e 2e do “g Se ) Je tc  HMouRs
SATURATES
ARBMATICS
c e s 3z “C f- &c 70 gc  Hours



FIEGURE 37

100
3 RUN  9472-3  ucZ-lod :
3 MyiCaHg 0 @ 1:1:2
- CiHe WHSY = cCu
S 1€c PSS
géc-
SN Log °c
vy \
1Y, |
:
<
J

GL -  — o

Pl e io e e S bt 70 Heoulks
N"':ci Z. .1 ¢
3 |
>
=
E | CaHg
359}- /
"‘d ‘ \
oo
s | @
3 1 -—Cs's
c. ’.‘ C‘ L, Em*d 6“

. Omer Liwud Praducty
(& o 22 30 4 S5 bes 72 Heurs

118



=i GJ<E 2%

o
o

L
1)

CONVERSION OF C3Hy, 7,

RUN 9&87z-8 LZZ-is!
Fa: QM MO @ i1+ 3
Ci e WHEV = &.=
150 FSIG

<8¢ § 3o °C

6o heuks

Lt less Man 2.0 7

—_

TN —

——— e

(113
(1]

CaMg

Ca

-—ss

Co n EXluent (us

PRODT SELECTIMITY, W7,

Cther quwd Froducth

[

Y3

©C  MOURS



Irhal Conversion of CsHe, 7

-
J"JG

RUN

¢

-
,

g 39

9972-3, -4

UCC- 19|

He:CaHyH20 @ 111: 2

1:1:3

150~ 180 PsIG

INITIAL

CONVERSIONS

egr

50

120

2



L-T4
/a

PO

CONVERSION OF (i,
U
[ 3

n
G
L}

P
(11}
N o
O

RN 9972-¢ ULl-icw
: HitlyryimO @ 171:0

e

: -

' IS¢ PSiG

| 3 252 & 340 °¢C

|

| 280 C—w =— JUs'C
z . — ‘ . '

e la 2c 3o ®C 5 6c Tc &0 9e 188 - &S
tn:] Hg a":‘-C-_ €12 Pam £.5 4

PRAODT SELECTIVITY . Wi [,
A1)
L1

)

(g.ng
n C"s

"‘)c.

Le

Iéﬁ‘

Para
O

ez
o.l

( A

tG
o |

\C’/_
—_—
*M

C‘ L) Eﬁﬂut.n-'\ "“-‘

1 N Other Lquad Preducd

_— T~ IO S e . .
¢ e o 3o “e Se ec %0 de ¢ 198
~N
N
\ :
v e
Y \
Sc Ir-¥3 hu“
Y- 180 MeuRS
e — - — ———— T ———
—\
h-_‘— .

121



[

Y

-—
gl FIVY S

! RUN S952-7, uCe o=
HeilMe G @ 2l
CakHy WHEV = 5

IS I15¢ PSiG
' \ 280 343 ¢

r

CONVERSION OF Cally %
wn
[+]

-
280°¢C 3&c '
g .
© ¢ e w 3e 40 Se¢ e Yo 8o 40 = moURs
1ee = —

Ce n EFfivent Gas

\

Coer Liaud Froduaty

PRODT SELECTIVITY, Wi %
un
Ls )

HIOES e o

o & 20 .. L 50 oc e g0 90 100 Houiks
£
|
UI\? 7
e o )
— } S0 160 HOURS
!
> |
— i
&2_1 £ ! s 108 MOURS
= 4
By e - v
<o

=

122

-



wWT. % DISTILLED

100

5 8

& &

FIEURE 42

BOILING POINT DISTRIBUTION OF
THE LIQUID PRODUCT OF PROPYLENE
OLIGOMERIZATION USING LZ105-6,
UCC 101,AND UCC 104 AS CATALYSTS.

ucc-10

SIMULATED DISTILLATION
ASTM D-2007

! A 1 J L

o 100 200 300 400 SO0 600 700

BOILING POINT (F)

123



-
’
. -

RN NG,

3

Fig.

o

TY

F1 Y0

i

HOURS ON STREAM

1%

1wt

"4

R

T T T

e |
4 -4 1 a
N4€ 3 10 HOISHINOD ¥

3 ¢ m
- 3 Skl
! ol s\ ls%
/ x
~ %
[
A RaasanaSs s noaay Aas ey ALals RASRE LRSS RALS Rindd
£ 2 4 4 1 : | ] R & e

ANALDTTS £2N00HD XM

124



RUN NQO. 9672-08

Fig. 44
0
20c®: 243%2
»e
| 1B
I
b 8

40 4

% CONVERSION OF C gHg
3
A

304

1.

8
adaa sad PP WY

WT?, PRODUCT SELECTIVITY
s B

5 B
Laasadon el o

L0

-
42

N
\/

€y |
|

<, !
! —
|

cy e




coNvepsion or Gyt

B

~

0

)

a0




* CONVERSION OF € yHgq

WT PRODUCT SELECTIVITY

RUN NQ. 8872-13

Fig, 45

100

e’z

YT

y1ete

xe

L > X 4 N W T

| M W ™ B0 M wd We W D¢ W

HOURS ON STREAM

127

X 3 4 M W O M M WO ™ B U

HOURS ON STREAM

we WO W T mo



% CONVERSION OF Cylig

WTX PRODUCT SELECTIVITY

RUN NC. 9872~
Fj._g. 47

nme

ez . b T 109

no

0 ™ M M WO ™ W W0 W4 WO
HOURS ON STREAM

LIg=ez0dy
4200

-0

»n

128

8 O M w0 ™ B U0 Wo W
HOURS ON STREAM

)



WTX PRODUCT SELECTIVITY

% CONVIRSION OF Cyilg

PIUN NO, 8672-15
Fig, 48

e0es L TY-L . 37sts




% CONVERSION OF CyHy

WT?Z PRODUCT SELECTIVITY

RUN NC. 2972-16

Fig. 49~

e 4

| 1B

g

B
A

ipets

b Y1 Ll

J?Aa-

1 L] o0 » [ n L [ B -]

HOURS ON STREAM

™ oD 36 ME B W OV

420%-900%

]

LIO=-42007

» W ] ”® [ ] ke a0 "® mo

130

HOURS ON STREAM

W o0 By Ws B W R



WIK PRODUCT STLECTIVITY

Yy ? '

s CONVIRSION OF CyHg

RUN NQ. 8€72=1/
Fig. 5C

28c%2 00%¢ LTTEH

| | [

o 10 30 48 50 B0 70 B¢ B WC N 00 UG WO W WO TP We WO
HOURS O STREAM .

?

420

W 20 M 4 S 8 % 8¢ M B ™ B 10 we B W0 U W WO
HOURS On STREAM

131



sl

Fig.

r 1.
ULBAI)S U0 &INOj]
001} 0o 09 0L 09 09 or ot o9 1] (1]
PO T T T an.f\Pi-.hbiPc-a\F\blfF.Phn*lhb.-hilh.lll.ruhli.--rli|h.llb|b|-.\7b|| o
H
]
H
" s
[ ]
[ ]
[]
[ ]
; -8
L]
.
L}
H -ﬂu‘
[ 3
" g
; b
“ Ll
]
" AN o
N &e
- a
v ap
/ i
Y4 S o o
. . -
[ ]
L}
" | / ﬁmrua
' ~
m ~ :
A " b . 1‘
’ N (=]
———— m ™~
e " )
: ‘o
i
[]
' [
! o
(=]
a2,00¢ 200w
_ Digd 091
—— ABHA 00'D

81466

132



WIYATS U0 INnojj
00 00

P WS |

oy

PR W Y

& el

PR —

T

| S YA W ey

+ 400

e

I

— e R A —

YT 1

2,003
0isd 001
AGHA 000

Y Y S W A gy

o

v

os o
1Tl IHATAM
133

1

e

o




53

Fig.

wIear)s uo sINoj|

01 oIl 001 1] oo (1] 11 4 1] 03 ol 0
,El[uffhl[lt‘lﬂnr[»tlr{-rrrtlbbr.?h.%.»—»#Lb-:.-r-;rrk-.rr .Y
)
]
:
: £
H !
'
- 2
' n
4 [ ©
]
]
)
' S ')
. (O
] ﬂum
1
" o
t -
i 50
1
' 3]
: 4
: 62
: d
i (0]
" -3 o
H o
: =
' 1 )
: 34,
: o
)
'
[ ] .o
] [~}
]
'
1 X
e e e .l\"\ - ] -
— 1 ~—— ) R g -
' — -_
[
'
t
" 5
2,00€ 2,000 o
—_ DIie4 DO)
_ ASHA 100

0ccli6

134



S4

Filg.

ozt

A

o1l 001

Wwivax)g uo eInojj
oL 09 ]

PUIY S AP

oy ot 08 o

TSN I P El WP U A N U WO Y

i »I-IFD\DPh!vaL-_—-I.thuI_—PIdhln A Ld‘- o] - O3
]
]
e N !
Iq/:/"f + 208 e 5
" ,...rt.ll.l\l —- P— o
:
[ ]
H 8
; i
]
)
1
: g
[ ]
m =
. 4 omr-0n -8 o
; &
]
H o™
—— ]
—— ——— T e e = T 1 (1]
N 7ldE
" g 85
" .\. (ad
. IJ.\\.
1 : e !
N —— T -3
[ ]
1
. I N
e ‘/m (svp){o \ g
AN \\\ |
PN e o
: - &=
o - T~ “ .U .\n\\\\\\
- m,r: Iy | ' I —— =
[ #]
200 0,083
- D184 083
—_— ABHM 10



WILAr}s U0 8INOJ]

ol 0o (1] 0L e.D e-o Q--. ot 08 G-—
t\—(.b’hp.b.-r.h. r-IhLIPI-..lbn.- ;-th}*-PhLPP 2 B ek el o
NS I S R N~
Ier.l: L —— 4 //lvn\l\\ - _...‘ lfll
_ - ' N .
— ] .
' N
1
[ ]
'
‘ -8
[ ]
[ ]
H !
1 @
1 o
[ ]
; (svo)lo ﬁ
i 5
1
[}
m |
o “ 8
[}
; ' |
o ] 1
— H o
ta. “ ‘8
”\.\\..\\)/ - |||./
.\. /l.. - T .
Te— _ ot “ \,.\/../ / u
—— > N .
— * . \\" //\k - /
e ' -
] (=3
[ ]
]
. -
:
ot .0
u%s ’ o
L}
[ ]
]
H |
. 1 [ =]
a,00¢ 2,000 o
—_— D1gd 0ol
—_—— ARBLA 1970

G12L606

juadted (ATOM

136



Fig. %¢

UINAT)S HO 8AN0}]

o ac oz ot

as
8t Jo uorsIsATO) JUISIEG

04 09
131

d 0ol o8 09 o) 0z
oo ovi ot 00 T o T o P v

—— e b b N - -
L]
[]
1
'
1)
[}
]
L]
1
L]
]
)
)
]
[}
]
L]
1
1
[}
'
]
[]
1
[ ]
]
L]
t
[}
)
)
1
]
L]
L]
]
]

' e

// ] \/ —
~ ' _ )
- ] ——
o 1
.\\. J/!.i
4 " ~
L]
1
'
]
[]
)
]
L]
1
L)
'
1
'
]
)
J.ore 2063
‘ nisd 0%l

- ASHiA 100

LG

oot



57

rig.

ani

U18I)S U0 SAN0))

ovi 0T LHH ] 08 09 oy o
P VSN EPUPEIUP U D SRS V" — i U WIS WP —
- L]
. _.1 — - - ——
. - ——
1
3
'
1
]
)
]
]
1
! 40zy DI
1
]
1
]
. )
\\ ]
- L]
- L
- !
i VT et e
N v T
—— e
)
./,.(\ ] /
' N
L]
L]
'
'
]
'
'
'
1
]
L]
]
[]
i (svo)fo
1
]
1
1
1
'
)
[}
i
1
(]
'
]
‘'
[}
_ - ]
+ _— I -
- L] — ——im— o ——— -
L]
J2,0€ D082
nied 01
ABNM 1C°0

ol

og o} ] QL oe oS o Qt e (4]
JusaIad 1UBram

Q01

138



WTX PRODUCT SELECTIVITY

RUN NO. 1001=06
Fig.

5%

» 1
. ‘ | ' i
-1 £ $44 ! P £ $4 ———
® Sil Bai€e | 2:l , —
288%2 | em—— 1 29C"2 I TV-LI ————— | yan®e
0 .
ununmnuﬂuummmmmummamm
HOURS ON STREAM
LT
:-—/-'
L
0 -
{
<
[ -
E
-
L
i
=
1 (€3 1GAR)
»
L
]
-
. 438970082
] .
L
'-
»
» -
-
B
@ @ 8 B WS U W TI M I DO I 10C I B|E I3 <00 43 & &N

HOURS O STREAM



Filg. 59

0ol

wIvar)g uo &Imoy

e= 11 4] ool 09 ] oy o.d

Y ;I U S N P W St ST U Uy WY WU S SR S U N S S S |

n.gﬂ i +09
TR 0
- :o Eo»:ou cu
ANADAT

- e e D
N

N
TOIIATOD JURNIS]

U
o8

oe

oot

2008 2,008
pisg ooN

00'mIw 8...! 1

GITI001

140



Fig. 60

wiver}g Uo &Inojf

GITI00t

[1]'3] o osy 001 08 (1] 1) 4 o L....
" 2 2 b a2 a a A oA sk HNEIFESIPEIFUIT TIPSR IR BRI I e e o
m +4 004 |
]
~ /T .
—\ : i 4 00408
m \\I\"l ﬁ
- N\ m - B
\}
]
)l/m/\i 1“
." L\\\\III.
| /\\\\\\lli.l\\\ T
[ ]
"
m 5
! -8 g
: (wro)la m
\\\\fw e -8 ..u..
" II\\\! 1
: —
i\ -3
H |
H
1 5% ,Tm
[ ]
“ |
e, [} | @
Y o
N
m ‘o -
: S
RN 0,098
bDlad 08y
oO"m e 0%a 11

141



WTX PRODUCT

RUN NO. 1001107

rig. 61

i

x 40 L] [ ] 0o - -] L] »o »t -] ne 2 -] - 1] 500
HOURS ON STREAM

142




RUN NO. 1001028

filg. 63

x
A

1:1_B.:CC 2:1 Ba:CT

28282 : —_—

-la

jamm | 3z0%c 1 22t%c

3 M M W W W 3 X X M
HOURS ON STREAM

“Pig. 64

e e ———— e —

D M OB M R W U3 D I W
HOURS ON STREAM

143

430°-10¢%y




65

.Fig.

uIuar)g U0 &Inoj|

on 00} 0d o0 oL 0e ] o 0c os [ 1]
PP USRI T SR U WG e e s PPl TP BTl PP U T PG SR S Wy
- ———— }/
\\'{ l.l.fl
- !"l{‘-
R I-.\lll]l.lr.-lf.ll.
el -

—uoyax "o _

e

UOJSIIAU0) Q)
ANADT]

o o

os
QOEILAUC) FURISE

L

144

76@ -

003

Do
DI 0O%
0"’ Iy

1111001



Fig. 66

, I¥ang uo &Inojj

o Q0¥ 0o a0 oL o0 ol o oe os ol
PP BRSO TP TP PRI W S PG (R TSP N S T PGP U B
e T T T T e e T T e e r——
—

4 004 DEY

;HMH///tI — -
\ /‘ - \.n oxv-b1l

(svo)fa

e

\l«l\l/\l T

.Ullh-

0%
TasIed TR

Daus
Digd 90¢
01"\ 115

THHIO0T

at

or

o8 ce (¥

oot

145



Pig. €7 -

UIvAI)g U0 &INOY

oLy ore 013 oel 00§ (T} (7] 00 oc 0
P e PPN PO Ul UG e] R S e PO S ey n\»-o-brhn oo e L o -.n
| S18AUTY B (G) m 1
. l.mmf:o_ : c i .
— -do_ﬁgceu co )
ANADA'T m
‘ B
]
|
m 8
[ ]
: !
i &
[ ]
[ ]
'
“ -8
]
[}
:
i -8
TN — [
' ~
—_ A
R e L e i d
Ty — -
L]
m o
1 -]
-..\I/\/c\\/
H
. 3
LY 2098
DIad 60E
02 s

O1T1001

TOTRIATIO) JURIS]

146



T

11114 oy ore

WINeI)g U0 8INof]
or1® o9’ 00} 031

ITRIL 1M

i T e .F.E.ﬁr.z.xk:.,‘o
-— /J“\rulg/w\l\{n\/\\ -
— s
(wvp)fo m -u
— m |
/Il\/\l‘t\/w .
\\/\/\/ g
"n-% m .W
3
"1,/}4[
-IU w ) lﬂ-
30098 . U\-n" ) m
- | oo 1
OTTT1001

147



€8

Fig.

ois e-u ’ o oel L1 o oo o9 OPQ

wivar)g uo e1nojf

PP L!P}bPrbh-.pinl.lPF»ull.-P[P-iriib bbbbb

|

S10d i)
—uo{dieruo)

ANADT' )

_ugjsaugy ! .:wm

—

—— l\\\\
— \ )
— - — — “ I!l.-|l|11<llrl|l.-
— | _ T
—_— -

——— e ——

id

0
CORmIIATOD TTEI0]

o6 00 &

01

o008 UBI a8
——— Dind 08k

LO—LLOTE NORI

007

148



Fig. 70

wWIvang Uo sINoj|

e /“/\-?-I\JLM

£\
: /\\fff\vau

.ﬁu.-cm

'o- m

]

TN

[

oLs o 1T el ooy ogl oe a9 (T3 (]
A FUEPE BGOSR | aaa d o s s a A oo s .u a2 a2 & a_ a2 2 4 4 o o a
— et ——— -t —— = —— e ——— e s ———— = g
|
e ] J\\(\l\\ i
e { asoc-em ), &
AN |
L .
.J!l.’-\]!l}!l\n'l(// /\..\\\\.“.d’il\.{
Aom-hrt ﬁ
8

o o 09
TTIAG IIPA

b oue

00LE
Disd DOE
0"m 1y

LO--LL9TT N

01

149



i
i~

t

[1154]

hes a2 M sl s s baaa, FLi#t.bf‘Ethl[lP%t%-.o

e s —— ——— b Y= RS ek -

S e —

ooFr

or¥ ooy

ﬁl:c,_.ﬂo.e:ou Ht

N

uojsraauo) “j
Uos.doAuo0)

 ANADT

09¢c

WI8aI}S U0 6INO[|

oze

R

o5 |

80 G220l N

03 003

2048

Digd 006
% 1y

a0l 0a1

o8 oy 0
[ ve
[ [~ ]
3
W
[}
[
g2
o
I Q
B N W
/ ,..
N o
A\ -d
~
f -
—— .
_ - 8
_|
o

007

TOISIaATIO]) JTISd

150



12

Fig.

0ce

WINANS U0 &INOoj|

ooy oFy [111) 4 ooc ozc 08 032 ooR 11} oe1 o9 oy 0
was A b s s rad o s sadsaraldlasasal o saadoas s s s basssbasaalonsalassadsssstasasl o
) e — e e e e e e —m R — e e L L N
4 00L- -0ut -
Irll,llfl e T e — - -]
o~ ™~ T~ T T e TN
N L
~ [
— -]
e N s 4 0gv--bII
_ . e — J/
IJ/ l\l‘/ - —l“
SN . 1
)/ I\ l/l \\I- ﬁ
- - -
N\ fsg
AR
{svo)fo Lo
N~ £
T~ *
/.1!\:i</\|) [
Y\
CUL-U wu
—_ —_—— T e — _ i _ . ﬂa
he T T T e . o
_ ————
i
'ua -a
[
- —~- S R PR p—— ",
[ -]
2,018
D4 00K
00t%1 1Y
CGER0r N
80 -Gaa0t NI
A

i
"y
Ll |



73

Fig.

_ UeoJd)g Uo sanoj|
ovt oLz 1% ] o1z - oel ) o2 oo (7] oc

0
..h.f-lp..rub-»P.p.-.»L-IF..L,-.p.--r.rk..--...»-»;.f» i
UopesaAllG) ©
..-!_;..c_..r_u.»:m _ E
:c_n..u!_au 00
UNADA]
/\llr//;\/al\fzf.\l}lnﬁjr.lj\\\/
e T T T e PR
AN
v/
e T e T T e —
— F;../ .\/l‘/l
A

e, ©o®

ot

or oOf

[
TOPRIRATOY) 1B

oot

a.008
DIAd OOK
0" 1

2911 N

152



WNAIE U0 SINOo||
DOE oLa 0a olg [i] 1} oal on [ [ ] o0 oc

PEEEPETYE W L s a o o h PP PR R S PR WP SN IS W |

——— e L e TS e e o e =

4 004- oNP

N e I e
TN - S ||/,..-. o —— ——

408y b1

NN [

JTEled IHNEA

ot

-7

{svo)D
e T T
——— e ——— e
-w Ihw
— T e —— . U, e —_—
‘>
D068
nisd 0oC
0% 1

I-LLO1E N

- -1

i53



Fig. 75

PP UG R APy

UIYAT)E U0 &INOL

0L3 oye euu ew- onl 0 o8 00 o

P PP PP PN WS S v

—— —— T T T — .
.\/l\/

os
se fa 1

ot

™oL %

e}

2,008
Disd 006
0% 13

TI-LL91T Nl

oer

154



UIeas}g o EINoY|
013 013 opt o081 o os ve o5 e

asedolmtsit b P PP TP PP G e .

76

Pilg.

D008
niad ouk
0

b L4911 NI

e
-

o,
155

’ﬂ %
- RSl L e

BOT o8 D8 &



l"
]
m
~1
-~}

SCEEMATIC ZIACGRAM OF UNION CARBIDE
TUBULAR REACTLR SIMULATION PRCGRAMS
INPUT/CCUTPUT  RELATIONS

TEY BERTY REACTOR, a CSTR (CONTINOUS-FEEZD STIRRET TANK REACTOR)
operates under steady state concitions with a high internal
recycls Tate, Causing the catalyst Toc be exposad To
a known and unvarying gas phase compesiticn

\7

YIELDS DATA

DATA GCORRELATION by MULTIPLE REGRESSION FOR:

1. £ Conversien Rate as a function of par<tial pressures
of E2, CO and Temp. irn the Power Law feorm
2. We%ZE4 as a funetion ¢f E2/C0 ratic and Temp.
3. Schulz«Flory alpba as a funciion of E2/CD ratis anc Tenmp.

is put inte

INPUTS =x=> The FIXED program ===> QUTPLTS
l. CATALYST FPROPERTIES
Specific Activity
. Usags Razie
. Bulk Dansity
2. FELO GAS CONDITIONS
. “Space Valocity

PRCDUCT STREAM
QUANTITIES:

wvhich is & simula~-
tion of an isotheram~
al packed bed tubu-
lar reactor having
A TeCytle STIeaAR, &
condanser, a knock-

. B2 & CO Conversien
. E20 & C02 Producticn

. BE2/C0 Ratle out pot (Tto remcve . CB4 make
3. REACIDOR CONDITIONS BE20 & CS5+ products) . G2+ hydrscarbon
Pressure and off-gas streanm production
. Tezperatyre

. Recycls ratio

1564



Ge 1

HALVH

SNOBYVD0UAAY

ATAVINIGHUD

FTUVENAGNOONON

* YOS SHUJHOD
A10A034

v

1

Q444 SVONAS JO
410W 1/54T0W €£°2)

!

A’ 1DA0ANY

HALVHH

—200tL.
D1sd 00¢

UOLVA,

JHY'1000

_

‘W GAE JUJIUSE 1-4 ST 0 wuadu)p O] JUWa g

ALVSNIANOD
-
INVI00D
PTOORTET,
uvingny
_Uddd
- HBVONAS

gl *avd

O

uy



I|'
]

m
i |
(Yo

....... U IR | cemmemad o mem e e ma e i
o — i e 3 b e = - - . ————r i e -y
IRl Pl Pttt =TT .J Y P S
—o i -:::"_'::_—_'-:.'f‘::sﬂmnc n:‘rvr?r sﬁ e is S bl
[T TS TR R S e [T

B ST et ST e SRty
-"] - '—‘-i]--:-_;:‘—-lf_-‘- Ceed

= o e - 24800

ity Aot anunti i Sy

SV. b /b2 === T =

et L ars rme cm b mmr e e bm— e s —

oLt n =
bl SPAZT VILOCITY AR IS /S0 RATIO REGUIRDMINT =

FOR TUBULAL AZASTOR AT 270 £ J0C P3!6 3.3 RICYSE RATIO
WITE A CATALYST GAPARLT OF CIRTAIN USACT RMATIC U .
SPEZITIC ASTIVITY SA, AND BULK DENSITY 0.4 QU v-

TOR 85 % SYNGAS CONVERSICN MG 11.) winTHe PRGDUCT SELICTIVITY

157



(8 4]
P

D"
]
14}

S U .. .| SPECIFIC ACTIVITY. SA

= | ... ) a—
o .
o .
,':.':'.‘Q‘.. -
-y -
S
iignioiil- -SRI B

N . Y Le e s - -
b e c— e —— . = —
. — ci i he s em . ..

il { W AN B
gl S BRI Ry SRRy &
+3 - -
Y S ———— e - ——— .
Sl Belmepdpamiy 08 g. . }r .
P o— " G —— — -aa lowm o=
ot fegdl Bt Gty S
e |+ — o i . e . o —— e = = -
- ————— A - P — — —————— = s m omm o
Rl duprphyiidatlt Gl ampiiel Ao
- ..
et ieemerien (i dullppdeduung Subip i
S rtiull Sficberunittiill Wi gslslbemanel dm gl
T RRT - - Bl I~ Il
- TTLlTuIniLL SPAC
Al S Sl St fonnififiiusiey Gtulefuytlys
A LlLLL ;;"._'--J.:::...“-...
S SR il St fepyiiuli
e B -
T PR ==
miihendan
—

 aapa SPACT VILOCITY AND FIID E2/CC RATIO REQUIRDMNT
s TOR TUBULAR RIAC=CR AT 370 € 3100 PSIC 2.3 RECYEL RAZIO
S MITH A CATALYST CAPABLE OF CILRTAIN USACT RAZIO U
Gliak) SPESIFIC ASTIVITY SA, AND SULX DENSIZY ©.4 SM/CC ..
F"=-7  7OR 83 X SYNGAS CONVERSION AND 7.8 WIXGH4 PRODUST SELICTIVITY

158




