HOKKAIDO UNIVERSITY

Title EERERSTEEDRF & ARKFLDBRRIGDOENTE
Author (s) KA, &, Takeya, Gen; ¥, #X fit
Citation IbiEE R TEMMARS, 35 179-186
Issue Date 1964-06-30
Doc URL https://hdl. handle.net/2115/40723
Type departmental bulletin paper
File Information 35 179-186. pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




BERESR ST EE O VE L R KEAL
R R D B 1Y OpF 3R

_a  E Wk
PERPI N S

A Test Model for Differential Thermal Analytical
Apparatus and Differential Thermal
Analysis of Coal Hydrogenation

Gen TAKEYA, Kazuo MAKINO, Tadao ISHII
and Hiroshi NISHINO

Abstract

A test model for differential thermal analysis under high pressure (approx. 200 kg/cm®)
was made. The purpose of this apparatus is to plot a DTA curve under high pressure on
the thermal reaction course during heating up apparatus, especially in coal hydrogenation
reaction.

The apparatus is a twin type autoclave consisting of identical chambers for reaction
and reference enbedded in a stainless steel block.

A small electrical heat coil was placed in the reaction and reference chambers respec-
tively, and the resulting two curves were obtained when electrical heat was produced only
with the heat coil in the reaction chamber. The first curve indicates the relationship
between calories (electrical heat) and differential area at normal temperature under a pres-
sure of 200 kg/cm® of hydrogen (Fig. V-3). The second curve shows the relationship
between the heat energy in the course of heating from 390°C to 440°C, under 190-197
kg/cm?® of hydrogen (Fig. V-4).

The ratio of total heat energy generated, divided by the total area under the DTA
curve (Fig. V-4) was 5.3 cal./cm”.

It was also shown that the indication of differential heat was sufficiently sensitive and
applicable for laboratory use.

In tests with 4 kinds of coal paste in coal hydrogenation the results were as follows:

a) the lower the rank of coal the lower the temperature of onset of heat generation
(Fig. V-5).

b) the heat of reaction for coal used in hydrogenation reaction was approximately
350~480 cal./g—coal {Table V-2).
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Fig. V-1. DTA apparatus under pressure and its reactor
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1 Reaction chamber closed vessel
2 Reference chamber 16 Thermocouple for heater block of both
3 Pressure proof tube chambers
4 Differential thermocouple 17 Electromagnetic stirrer
5 Thermocouples for both chambers 18 Cooling water for stirrer
6 Pressure gauge for reference chamber 19 Magnet piece
7 Pressure gauge for reaction chamber 20 Aluminum heater block of both cham-
8 Inlet tube for pressurized gas bers
9 Upper heater for adiabatically closed 21 Adiabatically closed vessel
vessel 22 Autoclave
10 Side heater for adiabatically closed ves- 23 Gas inlet
sel 24 Plug of chamber
11 Lower heater for adiabatically closed 25 Copper packnig
vessel 26 Sample cuvette
12 Electric heaters for both chambers 27 Small electric heater
13,14,15 Thermocouples for adiabatically 28 lead wire of small electric heater
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Reaction chamber Reference chamber
Case A Receptacle cartridge only No receptacle cartridge
Case B »” Receptacle cartridge only
Case C, C’ Receptacle cartridge with alumina | Receptacle cartridge with alumina
Case D, D’ Receptacle cartridge only »
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Fig. V-2. DTA curve of blank test
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Fig. V-3. Heating test using a small electric heater at 10°C
under 134 kg/cm® of H,
Reference chamber: Alumina
Reaction chamber : Anthracene
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Fig. V-4. Heating test using a small electric heater

Total heat evolved
Total differential area
Ratio : cal.

TableV-1.

to area:

Analysis of Sample coals

530.04 cal

--++ 100.10 cm?

5.30 cal/cm?

Proximate analysis*

Ultimate analysis

Coal Samples |\roisrure| Ash | VM. | FC. | ¢ H | NSO Rank
Sumiyoshi coal | 4.33 8.03 4760 | 40.04 | 76.03 5.73 18.24 | Brown coal

Taiheiyo coal 5.20 9.25 49.21 36.34 78.53 6.43 15.04 | Sub-bituminous coal
Horonai coal | 301 | 746 | 4592 | 4361 | 8036 | 610 | 1354 | Non-caking bituminous
Yubari coal 1.41 6.97 43.02 | 48.60 83.11 6.15 10.74 | Caking bituminous coal

*

Coal Samples were kept in desiccator with silica-gel
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Fig. V-5. Differential thermograms of various coal pastes
in hydrogenation reaction
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Fig. V-6. Differential thermograms in hydrogenation
of coal paste and vehicle
Table V-2. Heat of reaction per 1 gr, of coal converted
(Coal paste of 4:6 coal oil ratio)
Samples Area ugl(l]f‘feD'T'A' Pugearg(l);llé in Conversion rate | Heat of reaction
A (cm?) B (g) C (%) H (cal)
Sumiyoshi coal 73.18 1.0517 85.6 430.8
Sumiyoshi coal 79.44 1.0517 87.3 458.6
Sumiyoshi coal* 55.09 0.7888 84.5 438.1
Taiheiyo coal 85.40 1.0266 92.9 474.6
Horonai coal 73.82 1.0743 925 393.7
Yubai coal 64.41 1.0994 88.5 350.8
” 76.47 1.0994 92.5 399.8
*  Coal paste of 3:7 coal oil ratio
A = Area under thermal defferential curve (cm?)
B =Pure coal in coal paste charge {d.af) (g)
C = Percentage of coal conversion
H =Heat of reaction per 1g coal converted (d.a.f.) (cal)
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