COAL EYDROGENATION TN

SEMI~COMUEROIAL PILOT PLANT -

. DiG. IT. OCOMDR. T. SUZUKI
CHEM. ENG. LT. COMDR. X. MITSUI

Research Perfod: 1938-1939

“Prepared for and Reviewed with Authors by
tho U. 8, Xaval Tochnical Missicn to Jepan

December 1945

157



X387

Table I(B)17

Table II(B)i7

Table IIT(B)17

Flgure 1(B)17

Results of. Semi-comeroiel Rydrogenation or :
Oyama a.nd Naebuchi o--'.o-'---oo-.ov-too-ooooo.-ooo- PBSQ 160

Analysia ot coal' m Pas‘e [ T R YT YRR R PRSPy Page 169

Ezper!mntnl nem“ o-o-ooo.ooo-oooo-sooooooooooooo PGGO 161

Coal- 'uh’r ocooootoooooooo-.ooo--ooooo-ooooooooooo- Page 162

Figure ..2(B)17
Figure 3(B)17

irigurex -H{B)17
Plate I(B)17

Plate II(B)17

'.l'nbe 111.11 ror Preparing P&Btﬁ 000 0esescscsscecccsece Pago 1-32
controning Phttorm Inolud ing Hish-l’ressure
Chugi.ns

n.t..a..i.ol..l......t..noo...c..Qo;ot Pasﬁ 163

Reution Chamber of c<>a1 B,yd.rosenacion sesssiecesess-Page 163 B

Flow Chart of sm-comoroial Coal Bydrogemtion
Pilot Plant ;

Tokuyama Naval ruel Depot cron Section of Reaction
Chaxber of 07 Type Experimental Apparatus



per-day. ‘of OYiMA" coal:and
in: the:semi-commercial hydroge-:
.Tesults: were ‘as ‘shown in Table

Ly

In previous ‘expériments; the hydrogenation of brown coal had been studied in E
—an.autoclave_ and-in-a-small éontinous pilot plant with a cherge .capacity of
5-kg of paste.per hour,: = . . T IS R :

To obtai;i' data 'rqr hesignand 'bperat'iqh ‘of ‘industrial ‘plants, i the bresent
experiments in a semi-commercisl scale unit were -undertaken at TOKUYA¥A during

_the perlod from-August 1938 to-October 1939.
'II. ‘DETAILED DESCRIPTION' B

-A-process Tlowsheet of the semi-commercial coal hyerogenation unit used in
t,lzei:‘:e:p iments 18" given in-Plate I{B)17, - Photographs of this unit ere also
enolosed, i - N s ' : -

Coal was. orushed £o20-60 mesh; washed with 3% ZnCl "'solution, and ground. to
150 :meshin-a tube mill, The powder-was then made-fnto a paste, in the tube
mill . by mixing with heavy recycle oil (in the ratio 2:3) from the bottom of

the l}igh-temperature separator tower,

The paste was heated to 130°C in a heat-exchanger, to 250°C with hydrogen in
the pre-heater, and then brought to the final reaction temperature by internal
~ eleosric heaters in the reactien tower.. . - . Co .

The reaotion mixture was agitated with recirculated hydrogen. The reaction
‘produots were separated in the high-temperature ugn.rator into light oil and
gas from top, and heavy oil fram the bottom. The latter was separated from
s801id substances by centrifuge, and was reoycled to the paste mill. .

Coal and paste used in thess experiments had the analysis ahown in Table
IX(B)17. The rsaction product from the top of the high-temperature separavor
was ooaposed of gas, tar, and water, and the bottom was a2 mixture of tar and
80114 matter, the latter oconsisting of unchunged coal and ash. Experimental
results are sunmarized in Table III(B)17.

IIT, CONCLUSIONS - .

"OYAMA coal, fros the South Manohurie Railway Co., and NAEBUCHI coal, froa the
SAKHALIN Artifioial 01l Co., were hydrogenated at 410°C under 200 kg/om? of
hydrogen, in the presence of a 2aCly oatalyst. .

Pive days of continuous smooth operation were zade on OY.MA conl, and ono day
on MAXBUCHI, end fairly good ylelds of oll were obteined, as foliows:

Ligquid yield froa coal : - TS 77.0
B{aro‘on oonsumed for coal : 7.92- X Telo -
Yield of 1light oil (delow 180°C) 3.0 L.0
Yield of middle oil)- {180-28000) 40,0 40.0
Yield of heavy oll (above 280°C) - ‘53,0 52,0
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Liquriod (wt.f) u(“ _,ﬂ
. 0 00 L
‘ B%z yield uq;/p s , LT ok

‘Table II(B)J.'I

Coal .

-ARALYSIS-OF-COAL~AND-PASTE .

Composition (wt. %) . .} ~“Water - .--° -

i Fixed Carbon 1
: SN " Volatile Matter 'S s e 3
Calorific Valus {oal) | ' “9200 681
n-oanry mlyu.a c . 73.7 77.19
wt %) H S. 6.2k
0 (by airr.) . ‘1e85
8 0.5 0.37
N 1.2 1.38
) H/C ratio 0.92 0.98
Paste Composition " Carbdoa 4 39.2 42.7
"t.r 6.8 2.
011 Us Paste Below 28090 16.0
wt 280 -~ 320 - 18.8%
(Distillation Test) Adbove 320 - 63.9
Water. - 7
<
rr.‘h R SO
(voW 002 .040 - . 04
N ;W‘ g” Gl AL st é g.;;w ....9..1(.:
3,‘:;, oZ: 0.
areaa 0 .




i

S inpe T
‘Leng . ‘120 o280
‘Average Roaotion ’remp. : 415°¢ . 14»12"0
‘| "Average Pressure (kg,’onz) ! 200 7. R00-
~Fresh Hp (m3/hv):~ 185 162
Circulated Hp. (n3/hr) 1000 3000
“Paste . (kg/hr 282 265
‘Total Paste (ikg): 33,840 7 L61 -
,;"I'emp. of" High-'remp. Separator o
Top ' 365°C 336°C
ot tom-- » , 375°C 3hl°c
Yields or Product rrom 'l'op (ks) 15,825 B
Produets : Tar 15,825 2,960
; Wator : 3,885, 490
-'Produot trom Bbttom (kg) B :
_ 16,753 3,800
Wator . 67 23
Solia Residuo 1,708 380
Gas Analysis AGO ) 0.5 0.4
| or) 3] \ - 13 2.6
81.0 79.1 -
3.? R
2 - 10,
. 2“ l.2 1.6
IProperties of Cap -
t 041 Density a3p 0.937 0.924
Diatillation-Tests Lo
«B.P. 83°C 78°C
below 180°C (wt %) 6.6 9.6
:180 - 280 50.0 48.3
280 - 320 19.9 18.6
above’ 320 2L. 21,9
Water - - 1.0 1.3
Proporuu or Water. .. 0.4 ‘0.6
Knvy ol 80114 9.0 10.0
-1-Distillation Tésts- ) )
_below 2zo°o (we 92) 0.7 2.0
-1 B SRS S R 75 Sl 6.4
10.1 13.6
763 67.1
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ENCLOSURE (B) 17
[ .

Figure 1(B)17
CUAL WASMEN

Figure 240)12
TEIE RILL FOR PREPARING PASTY
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RESTRICTED LX-38(ND-7

ENCLOSURE (B)1

th :

Figure 3ti')17
CONTROLLING PLATFORY
INCLUDING HIGH-PRESSURE
—  CHARGING PLwp
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