INTRODUCTION

: This report contoins a description of the dlstillation laborstory et
‘pruceton, Pa., which was esvablished to 2id in the separation =nd identifi-
‘cation of the products produced in the symihetic lignid sl processes under
“study there. OCompounds present in synthetic liquid fuels may include aliphetics
fran €] to 060 or greater. Alcchols, xetones, esters, slipvhatic carboxylic
‘acids, satureted hydrocarbons, olefins, and ddolelins are all found in Fischer-
Tropsch products. Coel-hiydrogenation products contein, in addition to

aliphatlc ¢ampounds, = large proportion of nephthenic matericl and sroamatic
ocmpounds renging fram benzene to coroncne; in cddition, appreciable gquentitics
f ter basea and tar aclds are present. In designing the laboratery, thersfors,
rovision had to be wade for the greatest emount of flexibllity and wversstility,
A great deal of stendardization of basie equipment had also to be designed to
emiy intcrchange of parts and servicedu,

GENFRAL

The dlstillation laboratory i1s in & bay 18 by 22 feet by 13 fect, 7 inches
high off the main orgenic~chemistry laboratory. Along the windowless sides,
four-tier steel framework 10 ieet high is mounted 9 inches from the wall,
ghe woll supports the various services, vheress the fremework supports- the
golums and aceessory recelvers, oomdenscrs, bimer lines, =nd thermocouple
ervices, The distillation flssks ars supported on cradles bolied to the . -
oor. The colums arc spuced 2 fest 3 inches apart, provision being mede for -
columns in eddition to otlier eguimment. The crrangment of servicss for
WO adjacent column stetions is shown in figure 1.. A vertical steel rod, not
220w in the dlagrem, is mounted 5 inches to the lei't of the vertlcel stesl
Yrapa, This rod holds the ¢lumps thzt support the receiver cosaubly nd-
Teury leveling buld for the bodk-pressure menometer end other wccessory
Wiment, not shown in the figare. SR

COLUME SET-UP

A typicel set-up for a dilstillation column, showing connections to the
PrOpriate services and illustrabting the kind of squimment most generslly

2 18 shown in figure 2. Glas-Col mentles furnish heat to the pots. The

- diput (end hence tho distilleticn rate) is controlled autmeticelly by
1‘J&il‘n‘.ng a constant pressure ddfferential (back pressure)'thrwgh the column,
2ddition o atmosvheric prossure ‘operation wnder nitrogen , the distillaticon
be Cnducted ol any rsduced pressure down to 15 mm, Hg by connccting the
“tus to one of the five menostated vacuun lines, Liguids bolling as low
200 ¢, can be distilled by using the circulating coolant system, HNon~
qsable gmocs can be hondled through o gas-collcotion system. Solids

g velow 1002 C. cen be distilled through the use of steam lines and

Y electricael heating devices, Ssmples as small as 2 ml, aznd as large
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_ a5 16 liters can be handled at one +ime vith the equipnent availsbie, Eacy
o column is surroundad by 2 heating mantle contrellsd by a variable voltzges
trangformer (not shown 1in any of the figures) that serves to protoct the col.
| umn and reduce the hazard +o psraonnel from mccidsntal breskage. ITn adﬂitid
; it allowg the colums to operates mich wmors adisbatically, 2opueially in the
! cags of high-beiling fubstances, by cempensetlng for heat losces through the
| vacuum jackets, These jackets have b ot Found very useful in reducing the
starting-up beriod, Tor by rogstiing them ovVernight to the colum LoMDers.
. ture the length of time congumed in heating the packing ig reducad considep
a ably, The colums in wde are listed in teblo 1, A epinning-bang column
] {(Piros Glover) 6 am. in dlameter ig uzsd for hendling small samplss at low. s
_':; progoures, A sgpscial vacuumcomtrol wdt Tor this micro columm s veed fop i
i Dressurss velow 15 mm, down ito gbout 1/2 o, and is 1llustrated 4n figurs ;
; | Thie figure also shows the sarvices fer the columm, The reviux rate and
reflur ratic are memually controlled in this colum but ars muintained con

i stent by = constant voltage supply and rate of Tlow of condansor Tinid,
TABLE 1
|
j | Height of packed
i Dicmster, szciiong,
Station o, Colurm tyne ! 1, .
! teeivesss. T Podbiciniak Eeligeid & o
1 2.-----... dD. ' é 25 5
Bessnesans ' do. | 25 3
beveiiveis, | Oldershaw b plate 25 L
Deresnssss | Special test o - 31/e
6iviannnes | Podbleintax Heligpid 25 g e
7---.-.-..'. - odo., 25 ) 1{.
Bevuvvrans : do, 13 &
Ftscvnrnan - do. { oo 3
10ievnunnns Fensks 5/3E~inch glase |
: L helices . ' 25 G
% s o 1leeieiiies | Fenske l/h~inch glas
4. S - helices ” o5 I
s, | Fonske 5/52~inch glage
heliceg .25 6
L P eriruded packing /0 6
Abiveeesan. | Piros-Glover 6 2

. ' FEFLUY RATE CGETEGLS
] . - . _ : _
: The avtomatic controls for regulating the hest inpuet arc ot the celum .
| station (ese fig, 2) ana erc shown in detail in figuro 4, When contack 1o
' made at the diffovential manometer, tie voltage supplied by a bigh-voltege &
transformer ig antomatically replaced by that supplisd by a lowsr-voltage
] tranaformer. Thig control can - be by-passed by a ewitch, which sllowg the |
N high-voltage transfsrrer to remain in the circuit, .Such an arranzamsnt ia
A hecogssary when it ig desired to Tlood. the column before uss., A safety fea-
J
i
!

ture included in the systom automatically switchze.to the Low=vocltage arrange
went il there 1 any intePruption of cwrrent %o the rectificr, '
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2 Plates 300 ohms

&

Bv. 300w

11O to IOv. AG 4 plates
Y IR

I 100 _| .,.IlO __JﬁSO
MFD 4 _.TMFD{'\MFD 6v. 20w,

& Fa i T

Fil

Electromatic rectifier

Contacts normally
J open when coil is
 not energized

ov. ?
pilotr light

SPDT
switch 6O0R.

[ -

o/
Aminco supersensitive

mercury relay

Cat. No.4-284 Double

tube to close one circuif

and open another. 100 w.

~—Low heat powerstat 10 ohm
L 10 amp fuse resistor

Sy
e

High heat powerstat
IO amp fuse

6w HOv.
pitot light

{ luaF
l Ll - Flask heater

igure 4.-Diagram for reflux rate control through differential pressure.
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Figure 8. —Manostated reduced pressure system
Hypervac 20" pump N-i/4"throttle valve for vacuum line
V2" vacuum pump by-pass valve O-i/4"check valve for vacuum line
= V2%vacuum pump check valve P-3/8"solenocid 1/8" orifice
=20 gallon surge tank Q-5 & 10 gailon surge tanks for line
Vocuum system vent R~ Air vent volve
Pump side pressure gage S- Elec.control manostat 8& manometer

Pump side-1/2"cold trap valve Nol T- All bends in 1" [ine are 45°

> Dry ice & acefone cold trop No.l U-1{"copper streamiine lings
System side-1/2"cold trap valve Nol V-1/2"streamline brass valyes
Pump side-1/2"cold trap valve No.2 W-3/8"brass tubulature

Dry ice g, acefone cold trop No.2 X-1/2"golvanized pipe

System side- 1/2"cold trap valve No2 Y- 3/8" copper tubing

'<9alion silica-gel drying trap Z-1/2"streamline copper lines




Midget Detroit
ac.____ dc supersensitive lubricator
B —{ , relay solenoid
> : 7 15 v ac.
| | 15 watts
1 i .Eonﬂce
L A
Aminco rectrans —_
600n & W
coil ©
- 6w 120V
pilof light
Y
-

L\

McLeod gage
and vacuum
control
assembly

SPST Samp DPST
swifch fuse switch




Manostat

LIOV. V2% S lution
4 Relay o Solution of m-
, . benzene disulphonic
acid in ethylene glycol
4
500 D IwW
A AMA—
250000
— 72 W
Primary H Secondary 750000
[ OA4G 172w
Vacuum
gas tube

NN N\

Z

I
[TO V.AG Line

T ___/J;u‘—-—u——‘-/'\ g

[IOV.AC Pilot light

This unit supplied by Photoswitch Ine.
Serial No.8886 PI5 NHS

Sol'enmd
cot |

Figure 8 .— Wiring diagram for ethylene glycol manostat control,



Single peint Brown recorder with Alarm
temperature and timer controls system

48 point indicator

o« oIA e +2A B, .i2B. .,
« oA , ,4A I13B, .l4B. .
« «5A , .6A 5B, .!6B. .
All points are on A . .,BA D, ,2D. .
instfrument panel . .94 . JOA 3D. .4aD L.
« <A . I2A 5D, .86D., .
. +I3A , ,14A 7D, .8D, .
- .IB ] 028 QD - .IOD. [ ]
. «2B . .48 ID, 12D, .

- + . .2B , 6B 13D, .14D, .
c Bl o - + « «/B , ,8B I5D. .IE . .
o B2 o o I[E o « «98 . ,10B 2E, ,3E., I
o B3 © o 2E © }-I
rOIC o] ©c 3IE o

.o 2C o o SP o

0o 3C o c 1 o ~ _1
0 4¢C © o 2 o 12 point recorder Brown - Elecironic
O5C o o 3 o

0 BC o o 4 o - + - +

o ¥YC o ¢ 5 o ° i o °©z2 o

o 8C o o 6 o o 3 o0 o 4 o

© 9C o© o 7 o r ©5 0 © 6 o

ol0C o o 8 o ' z;z zlgz

°1C o o 9 o°

oCo oo o | | FMYy 020

3G o 511 o '

~ol4C o o2 o -

All thermo~couples are iron-constantan

Points 1A to 14A inclusive — Bottom tier of distillation rack

Points |B to I6B inclusive—2nd tier of distillation rack

Points 1D to I5D inclusive—4 th vier of distillation rack

Points |E to 3E inclusive-~Chemical bench through Bl,2,83

45 points 1A through I6B and ID through 15D tied directing into
48 point Brown indicator

Points Bi through B3 and IC through 14C can be jumpered to
read in any one of the 3 instruments.

BUre 9 — potentjiometer thermocouple junctions for distillation Ioborafory



6V pilot light

e

£
Lwe

311 resistor

Alarm switch 5

N

1D volts
Sec to & volis

AC
AC

L~ Power switch

-]
£
Midget switch | ©
in single pt. <
Brown instrument o
©
=
O
—— st =
C H h L ] -
lock switc {,.\ i
SPDT relay
F a— ] A
R I f.\_«
P 6V coil
Solenoid ) i 60cy
coil Timer
171

o

- Figure 10.— Wiring diagram for alarm and control system for

temperature and time.




PARET, BOARD

Vecuum conirols, temperature recorders, and iimers for operating the
gistilizticn valves are locatbted on a pencl boord 6 feet L4 inches sguare. A
pho‘toﬁl‘aPh of thia board is shown in Iigure 5.

VACUUM CONTROL UNIT

The source wnd distribution of the vecnm eirveuit is shown in flimre 6.
Two typee of nenosiatic systems are in use,  The first conaslisgts of a
Podbielniak manostat with mercury za a cavtacting cgent, This castrol oir-
cait ie shown In figare 7. The cther consists of & veonwn tube cireult
{fig. 8) in conjunction with & slightly conducting solution of benzene
gisulphonic acld in cthiylene glycols Tho glycol nanosiots are used gunerally
for neintaining pressurcs constent above 90 mm,
Ezch of the five vecuum lines is connected through o throttled-down
: cile valve to the mein vacwum linc {X in fig. 6), which is alwaye meinteined
5 8 pressure lower thon any of the systar lines, The solenold velve is
entomatically opened whencver thie pressure in the controlled systen rioea
aﬁ"“'ve its set point, =nd the valve is closed wiencver the Presoure drops to
~velue. The needle valve 1s throtiled so that the chenge . in pressure
ough vo ovolid greetly overshooting the act »point and yet is
repld encugh to overcame the effscts of lesks in the menostated systen, This
15" ccanplished by adjusting the valve so that the solenoid rapeing activated
Or o period of 3 Lo 30 suconds.

Two dry-ice traps conectsd in Parallsl are placed betwesn the main

um purp and the distillatlion system to protect the pump fram orgrnic vapors
might otherwise cmdensc in the umping oil and Interfere with tho

fnical operation. This arronganent permits one trav to bo shnt dowmn for
ening without interfering with o veowm distillation the mey be in prograess.

TEMPERATURE RECCRDS

2L ALL bemperatures are indicated or recerded by mesns of iran-constanten
THocouples. The thermocouples s which measure the vepor tenperatures y are
alag the next to the Llghest %ier of the frome (4C in figs. 1 cnd 2) ana
be connected by means of Jjacks to any of the points on a 09 - 3000C,, Le-
» Glectronic recorder o three points on an elcctronic 48-point indicator
-9} or to o single-point recorder end alams systaa {fig. 10),

Temperatnyes of tae pot ere similerly tronamitted through a theimocouple
M O the bottan tier of tho framowork (A, fig, 2} directly to the

o f_“'lg instroment. Other thermocouple connsctions along the olher two

- tle i dlrectly to the indicator ond cen bz nsed for rozding any other
Totures, such cs jadcet temperatures.




TIMBRS

All the cclumns, with the exception of the Piros-@E over micro colu:m,
are opersted et total condensaticn with intemittent teke~0ffe The valves

that allow. distillate to cdllect in the recsivers are operated by any wne of

Seven timers on the panel board, The wiring diagrem for these is shown in _.

figure 11, Solenoid lesd wires can be plugged intoc the outlet boxcs Bounteq
neer each colwmn, each of which has nins cutlets, Any or a1l of the cQlumng

cant be operated by a gingle timer.
AUXTIIARY VACUWM SYSTEM

A Pressovac pump is mounted behind the Panel bdozrd. The switch end pii
1light for its operation, together with 2 needie valve end menaneter for
regulating end reading the pressure, are mounted on the board. A 1/%~inch
dismeter copper sesmless tubing connects to various column outlete, This
anxiliory system {fig., 12) is used to evacusto roceivers to 6olugm pressurs
befors connecting them with the colwm and to evacuate columna to line
pressure before comneoting then with the menocsteted tines.

COLUMN OPERATION

ALL pecked columns sre first brought to reflux slowly and then flooded .
by increesing the refiux rate, The heat is then graduelly reduced, so that ¢

reflux never ceases., GColumns operating under vacuwn are provided with small
nichrome colls (4, B, fig. 2), which are immersed in the liquid near the
bottan of the flmsk. These are heatod by & variable transfomer to a tim-
perature just high enough to give continuous etulliton without bumping,
Effective operation cannot be obtained without constent ebulliticn,

Flasks sit @ cradles in clectric mentles and are held in place under

spring loading, The long side am prevents hot vapor frcm dissolving the
grease et the joint, '

Several views of the arrangenent of columns in the laboratory are showm
in figures 13 and 14,

Lo5g ) - b=
Interior - Bureau of Mines, Pittsburgh, Pa,
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Figure | I.— Distillate valve control system




'A— Cenco-Pressovac 4 pump
B— | galion surge trap

C- Drying trap

D~ Vent needle valve

'E— U-type closed end manomefer 5

F— Valve ‘manifold
- 3/8" copper lines 0~ Kk
6 PP = C
i
3 q
) g
- ;
4
(/'“*w)
L \H_-A
A

Figure 12.— Auxiliary vacuum system



the laboratory.

Figure 13. - Arrangement of columns in
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Figure (4. - Arrangement of columns in the laboratory.




