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spe &ié.lly,;qeusnedi auto=: "
N cal_changes ocouring:
‘. 0nthe basis of experi~. .

The autoclave used-for thess:experiments was an electrically-heated -

rotating type made’ of V.2 A-steel, with'a capacity of ‘2.4-1itsérs. -Two
_thermocouples were: used, ous of ‘which served to measure the inper temp-
‘erature of. the autoclave,.and the other to measure the wall température
- of “the -autoclave as shown in Figure-1(B)1l6, ) A

f"”Both:’;béiz:‘rbei-ta'tAufesi were measured on ;fé'oor»d‘ing pyrometer. Twenty steel
- --balls, with a-diemeter of 20mm, ‘were put in the autoclave to agitate the
.. ‘contents, - The autoc],ave was rotated within an electric heater at the .

| Tate of 42 RAM. = - o

"~ Fushun Oyame coal, with the properties glven below end in Table IIX(B)15
" was used for these experiments. After crushing to below 60 mesh, it was
stored in a constant humidifier (using OaCls solution, 1,30 8P. BT ). .
150 grems of coal were ussd in each experiment and 5% (by wt) of 2nClp
catalyst was added. The hydrogen was prepared by electrolyais,

‘Proximate Analysis of Coal (wt %) ”
Water ..-oooooo'ooo_oo'o 5.5 . Ash ssceivessiostscnes 7.0

., Volatile Matter...... 41.1 Calorific valus

. (m]-/s)"ooooooao- 7,800
Fixed Cardon aees0e0e 468.4

C. _Test Proocedure —

After the sample and steel balla were put in the autoolave, air wea 4is-
Pplaced and hydrogen was added-to the desired pressure. The temperatures
were recorded svery minute by the pyrometer and the pressurs was measured
) mrg five minutes. The heating rats of the autoalave was oontrolled to
£,787C/min. When the inner tezmperature remched the desired level ,
heating was stopped and the-upper Half of the electrio heater was re-
moved. The ratation of the sutoclave was oontinued until the outer’
tsmperature had dropped to 100°C, Aocordingly, the. outer-temperaturs
showed = gu00th curvo, Wit the inner temperaturs showed the changs due
to reaction heat. After coolimg, the gas was relensed and the reaction
“produstsTwere taken out. Ths small emount of products renaining in the
aytoolavoe wore washed ocut with benzens. The groater part of the liquid
and polid produocts was topped 8t 1809C and tho water and oil distilled
.OVer MI'e nedaured. Arter cooling the distillation rostdus was separated
into two portions; bentens soludls and inmsoludle., The benzene soludle
Hnlcm, after distilling off beonzens, was fraotiophted in ep Ingler
“Tinak,  The portion insoluble in bonzens was vacuum dried for severel
Bours, until denzens wes rezmoved wmpletely, and wes weighed, The gas

" was anslyzsd dy Hetipel's method.

i
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D.  Exp 'eil'iméhtﬁgii‘/zv-e”sﬁitsv
Eack experiment was carried out using the.s

the -seme:heating’rate;- but-different max

200°C,3009C, *3259C, 35000 3600C; ;38000 ; " 42
experimental -‘results sare given'in Table: I(B)16
-typical ~texnperature'-pregsu1’°e*‘c,ur‘vef ‘is"isbhm“_'by_ 1?-1_8!1?9'”

59, 45
16 ‘and’ Table

Analyses of the solid matter remaining in’ the ‘autoclave
-below 300°C are shown in Table III(B)16. . & =~ . w0

Results of enalyses of the oil produced are_givv'gm: in‘_Ta'b.ié—-IV'(IFB‘)-J.'é.:"'_ o

" A plot showing pro.d\;ctibp'.ot’-‘_‘sgé couti’tpen_t:é ‘ia q;nﬁ by Figure :‘5'(8')16.

. CgH,, +2 showed the greatest change, tirst ap;pq'arif!gv‘_'ét:3'9\()90:‘épd‘_viporea-

sing rapidly..-The waste.gas at: 4500C inner temperature . was passed’ Ca

through active charocoal and the gaseous hydrocarbons ‘- absorbed were

fractionated in a Podblelniak apparatus.. The results. are ziven below.
. Analysis of Light Hydrocarbens (i 0L %)

(1.590. Reaction Temperature) '
€1 errrrrireneiiti et ettt riaeaeenassnernnans 58,9
C, ...‘.’....‘.?7........’..T....V...f.‘.w.v..‘......,.‘{,‘;A'.'...j..;_. 18.0
c3 ...‘.....-."....-.l.i.A.T..'..~..‘_.';............._.’..'..-....j i5'.i'-
c, 8.0
The data in Tables III(B)16 and IV(B)16 were plottea in Figure l.(?')lé. .

As shown by Figure 4(B)16 if the main component of _the sample coal is

Cpi 0y, the substance having a composition of Ca73.,2, He5.7, Os12.0 is
oﬁansed by the hydrogenation and heat decomposition into unsaturated
hydrocarbons having a. composition Cp x. Until adbout 34000, the H/C

in Figure :.égns shows little.change from the original coal, but between
340 and 390°C, the oil formation reaotions began end continued to 4500C,

As shown on Figure 4(B)16 deoxygenatlon started at-about 1209C, proceeded
slowly until 340°C, become very rapid between 340 and 4,00°C, snd tnem
slowed down again. Figure 3(B)16 indicates that below 340°C the decxy-
genation ocourred by the elimisatiochd of CO,. It im presumed that the COp
was uoed when COOH grou in the resincus matter, and the uncharged
vogetable matter in the oconl were decomposed by heat. The formation of
CO above 340°C indicated that doox{genuuon next ocoured due to bresk
down of kotones, aldehydes and oycllc hindings, and the moleoular ‘weight
deoroasod rapidiy dus 0 0O0llapse of tho uigher moleooulea. Further, the
oxistonco of the more stadblo oxygen bonds was iundicated froa the faot
thut tho deoxygenation did not progross so rapidly at the higher tem—- °
porature. It can bo prosumed, from tho oxistonce of the phenolic ofl
in tho product, that the OH radfcal {» most stable. ~The Tormation of

CH, and slow incroase of CO and GOz at higher temperature -indioated the
deﬁoaponuon of the cyslisc ocapounds, the ogenation of CO and
CO2 to methono., : . - T R R I
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-taupernture, the coal: pam!ar began stioking to. the wall or the R
autoclave, and’ indicnting :formavioniof ‘a: boundary oil rilm.: :
deoxygenation: beom*vigorons’*a great deal of water: was' rozmd, and
.C0’began -to appear . from: 3!.0-350°c due to_the. deoompoait&on or; kotones
aldehydea a.nd oyolio bound oxygon oompounde., -

g At 39o°c the H/c-ratio ohanged trom that ‘of ‘coal. to t.hat or ofi.

From tha ract that the’ moleoular weight deoreased rapidly ‘from
above 2000 to about: 500 «t:390-400°C. it is concluded that the .
N m].eouléa ‘collapsed dus to: ‘deoxygenation ol the polycyclic com~
pounda. -It: 18 _presumed that tue sudden rise of temperature from
“about. 375 t0.-3900C was ‘the result of the vioient evolution of heat -
:‘dua .to the deoxygenation. “Another rise .from about 390 to. 430°C was
“probably dus to:the heat ot reaotion rrozn ‘the cracking of m:o-—
;arcmatio hydrocarbons. i

Table 1{B)16
RXPERTMENTAL

nax, Do (°0) Preseure (ata) - Product

' Tmer Owtor Indtial | Fimal | Decrease Appearense ) (ML or Conl)
o Wter Oontent | Solid Matter | Selubls in Demanese

100 o “a0 100 Original forn 5.9 K

200 28 - 100 10 origiml tern 66 9.9

300 3o 100 9 2 Qrigisal ferm 0 ' R0

13 I 100 ” 3 Piteh e 9.3 0.3 kA

3% » 10 " 1 Piteh 1t n.s 0.3 na

30 A0 30 ™3 0.3 Piteh 10w . 12,7 a6 - T

30 M2 CoM 2 .9 Lew Ouidity 1.2 1.9 6.6
- lﬂ e ) ST T A C 30 | wen Gamatiy T X S BT X [ W
e foasm ot loae 1ol R o lwrueoaay)l wa 313 ©.3
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iX<{38(N)-T;

B R

%m“m’g’

ESTRI

| Uaxs Toner:

200 s
300 0.3 0 T2 9957 To- — o
325 0.3 0.3 0.3 99,00 Ll e )
+ 350 0.3 0.4 0.3 | emo ] 20T ) L0
360 . L 0.4 0.6 0.4 95.9 ‘2.3 L3
ago | ous 0.6~ |7°0.,5 " Gheb 3.2 L3
25 | o5 0.7 0.6 | o3 '5.9 L3 |-
450’ 07 ‘0.7 0.6 %0.2 6.2 1.7
. Table III(B)15. L
ULTIKATE ANALYSIS OF SOLID RESIDUE (%) .
l}hx. Inner Temp(°C) c H N 5 o | Hc
Original Coal 73.2 SZ ] 12 0.5 12.0 0.933
200°¢ 7.2 5.8 ‘1,2 0.5 1.9 0.950
200°C 7B 5.8 12 0.5 0.7 0,92 |
300°¢ 3.2 5.9 L2 0,5 s ¥ T 0,97
" Table IV(B)15 -
AMALYSIS OF TOTAL OIL PRODUCED
h L3
Ry [ e s R e
< B o 'l s e
% ") [ 3] ) o [ ] % - . ne 1000 0 w
0 .4 6 Wt o 0.1 % ) "3 .02 - oWy »
390 ®.7 .7 3.7 0.8 X L% ay 30504 n ™
&3 .3 0.9 .9 o7 - Ged L.n . Ll 3806 x -]
430 .8 . 2.6 0.6 01 1.1 9543 oy L) M
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