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‘Objective of the Study

The purpoée-of the proposed study is to investigate experimentaT]y
%he thermal behavior of coal liquefaction reactors. Specifically, the
) occufrence of:mu1tip1q.sEeady states in a 60ntjnuous stirred tank adia- .
. batic three-phase reac%or aéetpTanned to investigate -over a wide range of
operating conditions. This report briefly descr%bes the p;bgress on this

project made during the period September 1, 1985'4 February 28,,1981."

ACh{évements\ . .

As outTined in the work statement of tﬁe original proposal, during
the past six moﬁtﬁs, a special cqgtom-made adiabatic coal 1iquefaction re-
actor was designed and built, This was done at the expense of Gulf Researcﬁ

'and,ngéprment Co. (as a'part of cost sharings. ’Thé blueprints for the
detailed Aésign of the reactor is attached with this report. In this
CUstoT-méde reactor the standard 1 liter autoclave was 1nsu1ated in three
parts. The, insulation encompassed the controllers and heanng elements
such that the hZat losses through the Qa1]s‘and the stirrer‘éhaft:are
neg1ig{b1e. As noted from the attached blueprint, both reactor and the

stirrer shaft were well inSu]atéd. It is estimated that this custom-made

vessel will give the ratio of heat loss through reactor wa]is/heat gener-. ,
) !

ated less than .05.

- -
v 4

“ The construction of the reactor wiT} be compieted during sometime
at the end of February or thp‘beginning of March 1981. The reactor will N
then be placed -in the coal Tiquefaction unit described in Figure 1. During
the next six month period the operational problems will be debugged and .
preliminary data for the mu]tip1e temperature steady states will be db-

tained. A brief description of the unit shown in Figure 1" is given below.

]



Process Flow Description

mm—s
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The experimental system may be considered to be made up of severa]
interconnecting subsystems. The b1?ck diagram presented below defines

fhese subsystems and shows their relationship to the entire experimental

DR
unit.
. Slurry
Pumping : ‘
and. Meteringsig jo m o ve i oom ,
— Reactor System |§‘Reactor Effluent Retained
(Preheater + CSTR) _ Separation > Sample COT]ECt1°n ;Product
Gas Metering -

Waste Product

: Each of the above illustrated component subsystems is bkief1y discussed

below. . = -

- Slurry Pumping and Metering ! o | .

The slurry pump1ng .and metering system is designed to maintain a
uniform feed slurry and to pump this slurry into the reactor system at a
Seeady rate. In order to do th1s an accurately formulated slurry blend
is prepared externa] to the cop%}nuous unit and was transferred, ‘as needed,
to the continuous unit feed tank. The feed tank is equipped with an agita-
tor and baffle system in order to insure that the slurry mixture w3&ﬁd
remain uniform A Moyno pump, located beneath the feed tank prOV1des
slurry feed to a h111s—McCanna (piston- type) high pressure charge pump,

.as we11 as susta1n1ng€a constant slurry recircuiation to the feed tank.
The Hills-McCanna pump.sends the slurry, under unit pressure, to the.re-

¥
actor system. The slurry feed rate is determined by observing the weight

loss of slurry from the feed tank with time. The feed tank is suspended

¢



from a weigh cell in order to facilitate this weight measurement.

-
. n K

"y

i

Gas‘Metering

A continuous supply of pure hydrogen 15 ava1]ab1 m=&=pr§§§ured;=:=

storage supply ma1nta1ggg,bwzuuur‘5c1ence and Technology. The 5000 psi

hydegggn,.S’TedﬁEEE#}or use, through an array of high pressure regulators,

T
_/‘

=eedle va]ves, and. rotometers to the desired operat1ng pressure The

>

system is equ1p%ed for ca11brat1ng “the de11very of gas at operating pres-
sure. Uq}t pressure‘1s monitored at several locations throughout the
unit, iselaégreheater inlet, reactor outiet, and at the sepératof system.

Gas rate.ce]ibrations_EFe"made before and after each experimental run.

‘Reactor System- & T el

The reactor system consisted of a tubu]ar brehéate; and a CSTR-
type reector.' The preheater is a sta1n1ess steel tube which is seqmen-
tally wrapped for heat1ng This wrapp1rg is Segmented in.such a way so
'as to prov1de a constant nominal slurry residence t1me in.the heated pre-
heater section, 1ndependent_of the reactor: SRT. The heated pgeheater
section is controlled at a coﬁstent skin temperature of 400°C. The
nominal siurty residence time in the heated section is about teo minutes.

The reactor is a one liter, continuous: adiabatic stirred tank re-

ctor It is custom made and the details are given in the.attached blue-

prwnts

Reactor Effluent Separation

«

The reactor effluent is separated into two fract1ons by a h1qw

temperature-high pressure separator (325 C skin, un1t pressure). Theee

| : )
fractions include a heavy product (1iquid underflirw) which contain a¥l

.«

of the product solids, and an overhead vapor stream (hydrocarbon liquids,
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process water, gas products). The high temperature-high pressure separa-
tor is level controlled (residence time 10-18 minutes)hthrough thq-USe

of high pressure 1et-dbwn valves., The overhead stream is further sepa-
ra¢ed in a Tow temperature-h1gh pressure (105 C) separator and several
ad&>\1ona1 Tow pressure separators. Th1s separation scheme is detailed

; ,F1guve 1.
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BLUEPRINTS
for

ADIABATIC COAL LIQUEFACTION REACTOR
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