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SUMMARY

Selecting the active dispersed catalyst, optimizing the reaction conditions for the
selected catalyst, and designing and constructing the continuous process unit were
the objects In this study.

Alaskan Usibelli subbituminous coal and atmospheric resid were coprocessed with
9 kinds of catalyst (iron oxide, iron sulfate, ammonium hepta molybdate,
phosphomolybdic acid and metal (Co, Cr, Fe, Mo and Ni) acetyl acetonate) to
select the active catalyst. Thé experiments were conducted using 30 ml
microreactor under conditions of 420 °C, of 90 bar initial hydrogen pressure and 30
min. The activities of dispersed catalysts, in terms of coal conversion, were in the
order of Ni > Mo > Fe = Co > Cr = FO = FS, but the effects on oil yields were
nearly same except tron oxide. From the result of screening test, nickel acetyl
acetonate was selected as a catalyst precursor in this study.

To determine the optimum conditions for nickel acetyl acetonate catalyst, four
sets of experiments were conducted . The one set was based on the 2° factorial
design concept, and the other three sets were on the change of reaction
temperature(400, 420, 440 °C), initial hydrogen pressure (90, 105, 120, 135 bar),
and reaction time (5, 15, 30, 60 min). As a result, we could get a time independent
optimum conditions of reaction temperature(406.5 °C) and initial hydrogen pressure
(113.6 bar). At reaction temperature of about 420 °C, a maximum appeared in coal

conversion, because the reaction rate of coke formation may be promoted with



temperture increase. And the decrease in initial hydrogen pressure may cause a
decrease in the amount of active hydrogen radical on catalyst and an increase in
the rate of condensation reactions during coprocessing reaction. Coal conversion and
oll yield were increased rapidly within first. 5 minute, and increased slowly after 5
minute. It was thought that the subbituminous coal dissolved rapidly in resid at
sufficiently high temperature, but after then converted slowly to light oil and
asphaltene.

To design and construct the continuous unit, the process develop units of PETC,
ARC and CANEMT were studied. The process consist of five unit process,
hydrogen compression and feeding, coal preparation and slurry feeding, catalyst
feeding, preheater and reactor, and separation and letdown system. Each process
were designed and constructed on the follwing basis. 1) The slurry (1:2 coal to
resid) feed rate is 300g/hr, 2) hydrogen feed rate is 5% of slurry feed rate, 3) the

residence time is 60 min. 4) the reactor volume is 1Z.
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2 o]FoF Y. ¥ EE 420-450 °C, ¥reerd L 2,000 psi? FA I glon,

g7 71 & 8RECE Yo g0z F2& AXENUY. E£§ tubular reactorg
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ALEFoZN HEEY] "o Al FEE Wi o] THE T3 HBAAEY WL
272 o2 AFALE AFAY TG FA ¢ sampled AHSH WE9 AHFE FYE
F JEF st e ot ¢grie dAE vt gautg(two or three stage)
o] 7} 3o, CSTRE 443 Ao zn EFAEY WE Coprocessing ¥Hg-£
79 8+ do.

WA 2, 13 62 (9 A& separatorys &% 3 &9 productd ¥lHE =4
¥ & low, gt 1 % aAgex BHE 9%ty 4L d7 ¥+ s
flash unite] 8% T}, £§ separators EFA) 2 metering valveE AHE3 4
3t 3o

%70¢] Scrubber: W¥o] Berl saddleo] %3150} 1o} separator® Y2+ off gas
& BF oll2 MY F£4E Y53t v JFHE Fae AE FFHE T4%
g7 Jhstste whgrldl FEHI U

3. PETC 3%

PETCEA L Aues 24T Hgsto] AL3T 9om 03 - 2 kghrde) 2u
T2 Fe] CSTRE AME3t Ut AME3le &= Fe & Mo A%$<9 4
g ARSI YT BASUE A% ¥ A$ 27 JD S5 R B L=} @A
9 & YYge F7) GEo] 1vAe NErE Uv]e e fAstd x| I
E R g HIAAIIEAM EA4EFY A S 9T IdFE 3 4.

FA49) AFEE [29 2-219 Ve, 2PN B e o] HEe AR
o XY 2 JIHE, edE IR, Ev)e T, 2719 CSTRE o|$6)7 W

7], 2708 F70¢] 1t separator, 702l 1t light oil receiver, 183 712 L &
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[FIG. 2-2] Schematic of PETC process development unit
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o

239t systemo.Z FAE o it

TaE HSs Zo] 718t & & JEF Ho glog, €28 T FH9Y €3
tank9} €289 FEZFE FAY F U= 34" tubeE o] F oA AT

STl AHA WErle 300cc, FHA Wgrle 1 ¢ §%& 21 e, AHA
¥Fg7]E 150 - 350 C2 &% & W78 A oo BHAZE test@ U F
HA wg7)E WiEol tube® ol WEEo| overflow H%F 33, tubed] Eo|E
23 $o=zM AFAL R HYLFES ¥ A £ Qo o] ¥gT]Y HE2EE
400 - 450 °C, ¥r&4¥ & 2500 psiZ2 FAZHT}. EF FHA ¥HE7] ojFd = W
o] & tubed A3t @ WYH7L 2= S AU

709 319} separatore WH.E ZH3IH HZol 7pAM AR X3 Has v
5 % F oy, FHE FEHE 7t ¥HdHe ¢ ol €L 55 light ol
receiverd] X FH I Yoix = back pressure regulator& AXHAM ZIHIL wet gas
meter2 F- %< FA4F Fo] Gas Chromatograph& o] &3] £ o2 a1 Qi

o8 e AU EF AZE letdown valveE ©]-8-3t4 2500 psio|A] 100 psi o] s}
2 et U} gase) AU F719 back pressure regulator® o] £33 glod
53] XA back pressure regulator& ¥ #% gast A|EE W& HAYE 2
separator& A7}YA7]=dl A8 UG

o] 48] Al FAEL vHALIHY <X 2-1>o} YERRUH.



<HE 2-1> ZF=r2] Process Development Unit H] 12

T A ARC CANMET PETC
20-50 g/hr 17]
2 2] &=F 2 kg/hr 0.3-1 kg/hr 27] 03-2 kg/r
10-20 kg/hr 17]
g% 400 - 470 °C 420 - 450 °C 400 — 450 °C
=] ) = 14 - 21 MPa 2,000 psig 2,500 psig
&1 Fe# #4301 Fe, NiA| £4I&:v] Mo, FeA £4t3: v
vl-2-7] 3 ¥ Tubular Tubular CSTR
Subbituminous / Subbituminous / Subbituminous /
Feedstock Bitumin Heavy oil Heavy residue
(3 /7) (1/ 2) (1/2)
.
CO/H:09} Hy& Single-Stage HS7h28 T8
ie SN X w7 A8
Two—-Stage &3




A3 4 H
A 13 d A =B

1. 4 &

2 AT dE Aol E7It A2 A2y f5d Bl AW Asgs)e] ¥
o %% v]5 Alaska Usibelli ©33¢ o} &E A8 F 3L, bal millz ZolA
ASTM sieveE& E3l9 140 meshE F 3= dAe A7VIE AY3d dA A olg 9
Wi, 42 FHI}A BAIIU. o] Algdd i ¥ E4(proximate analysis) %
Y4 E4 (elemental analysis)®] ZIE <F 3-1>9] JEIRAT-

FYEA & KSE-37058 wsten] LECO Proximate Analyser (Model; Max—-400)
< AT Y4&EXA CHNE AW 3 mg7hA| AF 7Med VAL
(Perkin—Elmer, Model AD-2z)& ¢}83}9 Control Equipment Co. {(Lowell Messat)
o] A A3 Model 240-XA #4712 23 3gon, S& LECO Model 5328 o]&
g S 3o o8 AdLe H AL EHA %60 =100 - (C+ H+ N + S)
o 93t AidAd.

FraH ez Moo HC-dxH|= ¢F 1.33°] v ASTM D388¢ #H7IEl93d
subbituminous C A&l I}

2. It AL

€ A¥AM A YuEFE (F)RFTY Y JAFE ALIET AEF
(bunker-C+) AF2LE Y e A WArE 2 Aol $337] HEd 33 F
oA ¥ HRH Jgo] FA ¥E FUJAFE AT BNEAH FIFELE



<E 3-1> AESY FIRA L YLEH

Result
24
as recd. mf, maf

T (%) 16.50 N/A N/A
< ¥ 2 (%) 40.65 48.68 54.26
4 3] (%) 8.59 10.29 N/A

AAE (%) 34.26 41.03 45.74

Ash 8.59 0.29 N/A

C(%) 52.87 63.31 70.57
Y4 H(%) 5.86 4.82 5.37
=4 0(%)(Ind.) 31.77 20.49 22.84

N(%) 0.72 0.86 0.96

S(%) 0.19 0.23 0.26
vt 2 (Kcalkg) 5,064 6,065 6,760

Sulfur forms

Sulfate =< .01 =<,01 =<.,01

Pyritic 0.01 0.01 0.01

Organic 0.19 0.22 0.25

Major elements in ash(%)

Si0, 43.83 MgOs 2.55

AlO3 17.03 Na,O 1.21

TiO 6.20 K-0 0.96

Ca0q 22.41




A V& Nizl &3 X da FRAE] 4%, n-hexaneBE £ #o] 9%713F 7=

Ut I B4 A= <E 3-2>9] F£EI3[-

<E 3-2> FAF9 A4EHY

Sample
. d 3 SH A &
API v & 11.79
n-hexane B8&% (wt%) 8.7
Kinematic viscosity 755.6 ¢St at 50 °C
AFELE (%) 11.9
C (%) 84.24
H (%) 11.36
N (%) 0.38
O (%) 0.09
S (%) 3.93
V (ppm) 75
Ni (ppm) 49
3. AeF

B AP AT Ake A4EY F2ENE AT A% Fvjz AL A9

o2 UE F o olF U4t EAHL S ZE4.
(1) Methylene chloride (M.W.:84.93, B.P.:38.5-40.5°C) : ¥t3-& F&& &vizA &

fFHo] 719 4R pyridine RohE "HojA| A0k QA0 3|7t A @A 7} ol

b3t gl Edfolth B¥ 10%9 methanol®} EF38E& w7t 71 5ol

Hojuga €2x oy testddy & zo|7) Qlo] ¥ AFNAME €43 methylene

chloridet AH-8-3t3th AHE & AL 4t HHEF A|F 22 Reagent Graded] A<}

o,

_.-.28...._



(2) n—-Hexane (M.W.:86.18, B.P.:.66-70°C) : €35 go] ¥ Lu=Zx A =Y
A& %4 Reagent Graded] A ohg A4-3git,

(3) Ammonium heptamolybdate ((NH,)eM07244H-0, M.W.:1235.86) : &84 AL
Zo|E AlRIF oy, d&¥ 9 Yakuri-pure chemicals Co. Lt(_i-"’l A FL.E EPF Al¢F
o]}

(4) Chromium acetyl acetonate (Cr(CH;COCHCOCHj3),, M.W.:349.33) : €3g9 I
E 84 EAEFv|Z A Stream Chemical Inc.o] AE o Z EPF Al ¢folt).

(5) Cobalt acetyl acetonate (Co[CH(CHsCO):);, M.W.:227.15) : W43 &d L
84 #AF9lE Aldrich Chemical Co. Inc.8] A EF2 2 EPF Al ¢o]tt.

(6) Ferric acetyl acetonate (Fe(CH;COCHCOCH3); M.W.:353.18) : ¥¢3&3
benzeneo| Z+& #8A4 RAEZWZA Tokyo Kasai Co. A|lE 0.2 EPF A]¢ko|t).

(7) Methanol (CH30H) : #8744 &vl& Jol=d AME3l3ien, Merck AlS] EF A
k& AM&3 AT

(8) Molybdenyl acetyl acetonate ([CH;COCH=C(O-)CH;s]:MoO,, M.W.: 326.16) : &
ALY Z= T84 EAEEAEA Aldrich Chemical Co. Inc.g] A FLE Reagent
Grade2] A|<fo|t.

(9) Nickel acetyl acetonate (Ni(CH3;COCHCOCH3)2xH:0, M.W.:256.93) : 43-& 7}
benzened| H {F8A 9 EA3Ev|ZA Stream Chemical Inc.8] A|F o2 EPF Al¢k
o] o}

(10 Phospho molybdic acid (P:0524Mo0O:nH>0, M.W.:3596.46) : &3 L9 = &

£4 ¥4HE 0|24 Katayama Chem. Co. A|Fo 2 EF Al efo]



A 2 - F of

e Eole 374X FREA 292 Ee 84 ¥ 984 EAE0E TR
Nt} 7 Zvle) B4 R ALY e gL 2.

1. €8jg &vj

€28 Fves T 23 vge gy FaEAN Folo AL A AT HE
o] A@3te Wol] A3 U §3] 5 Ho] dFvF AFLAA AEF YL
E U718 red mud® FHIFHoZ FL43E F4E AP gy B dFQME
red mud®] FAEQ iron oxide®} iron sulfated] Wi &) AL Y& v n)
237] f8ke] ALt

Iron oxide$} iron sulfatet= 200 mesho]dte] RuAHZ Aehz TFst AHE3R
ot. Iron oxide= H%F<2 H.S¢ 37 AL8-31H 1, iron sulfates XA o] ¥ 3E
o] JA2E2E H,S& H7I8HA] |doh & Fvl 25 €98 did] 3,000 ppme] HEE F
Fste] ALg-shsick

2. T84 EiU4E
T84 BAFHEs 1AdxE d79] AHE8t3Y ammonium hepta molybdate&
Incipient wetness WHLZE M&o| HFH A3t AL vl A PP o
=3 2
O AFS) Yerg wettingA| 2 § & B F& AH VT (10g8 Awko] o 6g
o] Bo] £8)



@ Aed ES AFT F Mg dv] Mo9 <ol 4A 2 (2,000ppm)o] HEF AHHF
st Bl U F ey} e

@ MEA=} Uio] Bo] FE3] AT EEE YBAI FeHA 24A3 FX
.

@ 50°Ce] AFJZ7|AA 241 A2 F FLE FI3A ALE T

IAzE AlRE 44284 E 319 X € Mod 4& & & F A3

3. 84 i3
S84 BEAZ02= Co, Cr, Fe, Mo, Ni% 5FF< metal acetyl acetonates}
phospho molybdic acid& AM&3l3th 84 EASZuetes €8 F84 AFde
gvle] =1 F FHF ETFI}Y AHEIRH. FEAS Fvl AR LS 92
Zt,
O dAFY Ao dT Aolg&e F AU 2,000 ppmo] HE=F HAF & F &
7 (methanol)ol] &4 3] =AUt
@ AT Fo) 2AFE Hlo|Ad) ¥ Hlo]A FAS} 7 Atk
@ FER7F €9 A= vlolA Fuj&4E& WY1 v]o]AE water bathe] ol 50
C2 FAEA £97F ¢33 F¢ 2 7R 2423 kg g,
@ uvlo]A AA< FAE FAH}Y &vivl 433 F¢ @ A& FY F AHEEH.



A 33 Add ZA R AF W

£ dFdM e 1A= YA v Eukgr| & AHE3te 31-2(380-440 °C), <t
(27)94%4Y 90 bar)dl A ¥HE AL P3gon 4 FAA e (29 3-11< Jed
¥} 9} 2+ o] microreactor, heating sand bath, wet test meter, air vibrator2 FA =]
o}

v ¥rE7]E §3 30mle] ¥37|E AZslo A& AH. ¥yl (19 3-2]
A Retkst o] ¥kg7] FZo] 4" tube® FEY F U E fittingS SHIFA L,
%" tube WH-E F3to K" dAAE &7 Wi AU 28 FAH ¥ F ¢
TE Fgoen FAd J1Ae FTFE JSIEE IR E£F vt e e A9 ub
&7] 2/1& @AW A3t Aege H@L(Methylene chloride soluble)3} oil
yield(Hexand soluble)& ¥E2 ¥As=2 sy

k2719 J1E€ A3 A 600 °C7HA 7ol 7F5 # fluidized sand bath& A}&
g2, sand bath®] &%+ HAAE g 2=RT 20 CrlsF A4 23 o =N
g7 E WA E7]e 71E dag E 2 eI E T dE4E BAA
of =3 $ETlY $EELE WNEREA] AeAlTedH e AL 3R vdoldl
o] AAFAIL g F APES YHAI =Y e AL 280l o o] F A
=% 39 F3HA YA FugE HUAFoE AU

Vibratore= &719 ¢48& o83y FAFHEY A3 IFE 23 & § U< ar
vibrator& A}£3lH 25 400 CPM(cycle per minute)?] £ XA 3t A3}

BhEF WA EHY 25 % 4¥E SH3 wet test meter& F3IH Jh2 9
F& SATA v WA 27| 49 F3H} vadte gEF] LHld F429 &
< A3,
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[FIG. 3-1] SCHEMATIC DIAGRAM OF BATCH UNIT
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[Fig. 3-2] Microreactor.



Ay WL ukgrlo 988 Y31 A2 /5] leak test& M3 A A3 74t
A WET] &9 FTVIE FAA AANAT I F BASOC AT BY Fo
HPgo] Hrld FEF 471¢9] FAFAE ¥ A 422 90 bar7tA| THERE ¥
vibratord] 94Z3ld EE FHA fluidzed sand bathel] ¥o] 71€E& A|F3AAM uk
£ A3 veE Hge] ¥E pressure transducer& $3e 2R P
£o] BuUd tol e wtgg 9] §3te FA] Y] ¥ dAAU F 4N F
¢ B HAFEC SFHIEFE & F MAM3 AU EHE FAH. AL
Pressure transducert Hd] 400 bar, 0.025 bar?] AYEE 23 ¥ $ U+ Heise

gauges AH8-3tq R A3}AHG.

A 43 BN 9

AARAEY £ 2% £1)(n-hexane, benzene, methylene chloride)e] £3j%keo] uwt
g 32%d) 939 oil, asplaltene, preasphaltene, insoluble organic matter(IOM)Z £
& 28U B dFoA e £9lE n-hexane?} methylene chloride%t AF8-31% 1L,
o]t} n-hexane &3S oil, methylene chloride®E 8 ¥o]* n-hexane 8 ¥ & W %4
€ asphaltene¥® preasphalteneo.2 &332 @3 asphaltene, 1 YA
methylene chloride E-8#& IOMo2 E/IF{ot. £ e HPEL FIAFER
8 AAEHYE coked] ¥€ FAII ANIAT. BT FHFE 912 71Fo] hexane
L3180 Y Jernz Agoziy HAPHE ol FUE 39 FAFHIE
e T@stth med B AT oild F8old ¥ Agezdy VST oil

28 A AU oil(FE <4 66.7% maf 71F) 28l FA-F2 haxane L FH O



EHEH HEH= ols EF JI AL vt Gase] A FS wgo] Fva #4t
dF WgTY FAE EEH @ FAHIA UEEY FA FAFE gase] LAF
o2 ARSI 4 A8 HY ® ALE o3 Zo.

. 1,_ _total sample — recovered residual sample
Gas yield=
maf sample

] maf coal — residue(ma
Coal conversion =
maf coal

Total oil yield = recovered residual sample — n—hexane insoluble

maf sample

Asohaltene = ~ hexane insoluble — methylene chloride insoluble
p - maf sample

IOM = determined as methylene chloride insoluble

A EY Fe2 7I4HqHHE ol&3er AAR &X R UL [1¥ 3-3]
e us} o) o) AS@ filters M2 277 1#mS) membrain filter® AHE
S}

U F&o] &= filterd} filter cake® drying oveno] Wi 50°CoA 1243t

ol d BZEAZ F AFEHA Z o] & BELEEL ALA.

— 36—



REACTOR
PRODUCT

CH:Cl: N-HEXANE

SONIFICATION SONIFICATION
CH:Cl. PRESSURE PRESSURE N-HEXANE
INSOLUBL FILTRATION FILTRATION INSOLUBLE
ROTARY ROTARY
EVAPORATION EVAPORATION »N-HEXANE

CH:ClI2

CH:2Cl: SOLUBLE N-HEXANE SOLUBLE

[Fig. 3-3] Procedure for Solvent Extraction



Al 13 Fve] Screening Test

2 AFME 8 2 B4 §4L vmstn FRT g AL 98
AP Eole o 2o, €8 2= vF IS AEA I Ed o] X
o] Rl iron oxide, iron sulfate€ A}-83RQ 3, 84 EAFE 1AEE A FoA
A4 ¥} 9+ ammonium hepta molybdate® A@o] @A F Azdd AL3H4
. #8&4 ¥AE2vlEZ & phosphomolybdic acid$} Co, Cr, Fe, Mo%} Ni acetyl
acetonate) & &9 =2 ¥ FIAF EF3}A AT A4EE HE2X 420°C,
Z7] 42948 90 bar, vFgA|T 3002 3o AMEe] HEF-E, ol 8, asphaltene
W 2o wAg L v <E 4-1>F [ 4-1]d) YA 2z Zuj
it 92 E5F AFY HS5& H7I8IY g5 A EZ] Fi3] A4 € 5 4
=& 9.

g BEulel o] iron oxide®t iron sulfate, 18|31 chromium acetyl
acetonatet &Fv|E HI7ISHA &L ALY HIAY 38 Be F£EY HE9
AFELEE B9, 53] iron oxide: oil®) F&°] A A Fade A

2 & 5 A
o a5 & Frled € AVHEA FRSHET Y HEE R oilY &
of lolA F7HE HIo. HE9 A@E doAMe o|FdME 84 EAFVZR
Aete] @A AlZl ammonium heptamolybdate$} nickel acetyl acetonate’} £ A&
BA Oy &< M E v AL Bt BT gase] AAAZF A=
+84 Fol7} EAIA FE FY Jt2E YAE RS 4t gPgs B TN

+ nickel acetyl acetonate& A83= il A3 o

— 138 —
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[Fig. 4-1] Screening test of catalysts.



<X 4-1> Screening test 43 (420 °C, 90 bar, 30:%)

& v A e8| Oil Yield | Gas Yield Asphaltene IOM Yield
Yield

none 34.5%6 713.5% 6.7%6 9.1% 17.2%%
Iron oxide 30.0% 69.4% 2.4% 11.5% 19.1%
Iron sulfate 29.1% 74.9% 1.3%% 0.8% 19.3%
AHM 39.8%6 74.5% 1.3% 9.1% 16.4%
PMo acid 35.426 73.9% 3.196 8.5%6 17.626
Ni AA 41.6% 75.1% 2.712%6 9.0% 15.9%
Cr AA 31.8% 13.5% 7.3% 71.9% 18.6%
Co AA 38.5% 75.0% 3.2% 8.2% 16.8%
Mo AA 38.0%6 74.5% 3.9%%6 8.6%6 16.9%
Fe AA 39.3% 75.3% 4.8% 8.2% 16.5%

A 242 HHI} A

Nickel acetyl acetonatee] w3t A€o A#LH oild F&E =017 A3 IF
28 E 737 H43d BHE&E2x(T), 7] F248[P,) B AL HFE 3
o] 2° Factorial Designj & o] &% A¥& =833}

Zt Qo] o A2 AYHAE (29 4-2]9 Zoldtdq AAR e oA
central pointt B2 Coprocessing FA A A3 Y= g &% 420 °C, %7]¢
3 90 bar, BFEA|ZF 302 Z &3 AT = 30 °C, 4P = 30 bar, 4t = 20 min® 2
g

(29 4-2]8 SAZ3A 38T AY ZHFE <F 4-2>°) YRk



( T+AT, Po+AP, t-At)

( T-AT, Po-AP, t-At)

( T+AT, Po+AP, t+At)

( T-AT, Po-AP, t+At)  ( T+AT, Po-AP, t+At)

[FIG. 4-2] Schematic of Factorial design
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<¥E 4-2> Factorial designo] €% A ¥ A}

Run | Temp. | Press. Time | Coal Conv. | Oil Yield | Gas Yield
No. (°C) (bar) (min) (96) (%) (%)
| NO1 390 60 10 19.8 70.3 0.6
NO2 390 60 50 30.9 71.0 6.7
NO3 390 120 10 30.5 72.1 8.2
NO4 390 120 50 39.8 73.8 8.9
NO5 | 450 | 60 10 33.6 72.2 1.8
NO6 450 60 o0 20.2 71.2 10.0
NO7 450 120 10 35.8 74.4 3.8
NO8 450 120 o0 44,3 70.8 10.1
NO9 | 420 90 30 41.6 75.1 2.7

o) APARZA Ngy AFLXI) U AN EE 248 ¥4z 3= O
o] R 3t
X.=3250+2.11Y,+5.24Y,+ 1.44Y3+ 1.34Y .Y, + 2.00Y Y5 -2.60Y,Y; (4-1)

Reg. Coeff.=0.830

A71M EEEST Yy, Yo 2 Yo o33 Zon e g -13 +19 "4l
EA gL

T-420

2 (4-2)

Y, =

A71M Te X, P $49 274, r= A0S Y
4 (4-1)22 RE Y Y YV; EF Y9 =99 & L%, 27524y 2 kg
Azte] 2% FAFRY L9 g AFgol HUrl €L 45 Utk B3I F2

__-42_.._



Z7148 o] M & HFdE RAF3 Qith

a2y o] a4 124 o|n, regression 452 o] YovZ HHZAL s
7] 189 E 23148 4 "sart sk

gatx ¥hgxe FAAE 71 Beol WIe vt Yoo gho|l 1<l 120 bar
2 sl &9 oY, At ¥ o&E ANYde FEELEFH oild ¥ HWIYE &
AR oen o AFdE <E 4-3>9 Jepdute 2o

M Ay AEH RFAFY AHE FEH Yy, Y, Y& #$5E 8= 23L& o
w3 Zo] T3HIUL.

X.=31.05+3.33Y;+2.40Y + 0.742Y3-3.77TY Y2~ 0.92Y Y3 - 4.14Y ;¥

+0.03Y1¥,Y3-0.45¥1{-2.59¥5+4.50Y3 (4-3)

Reg. Coeff.=0.93

o] 4] (4-3)oZXE L AZFE Yi7} 1€ 50802 AN HHAMLZAELE F

P Y%L 406.6 °C, 4 27 1¢¥gE 113.1barg 9L & YA

A3 A ¥E 2o I I

Aeref 3} Coprocessingd] 1A g%+ A AL ol EY &
Z 9%E F9, 53 ol ¥ 7129 YPYHE &S AANT T ¥Foj, g
7 UF o Ae 9 FAF XY nEA EF9 i ®o] oA F
Aol 7} 9 cokeo] WHAieo] ol HMAIAHQ Mo AFEF oilY &2 FTAE V)
A&t wtde] wg2xrt YR wrow 7129} coked] WAL FAFAT nER E

.__43..__



<E 4-3> 23 A= AY A

HE | <5 | 4F | AT ae Oil Gas |Asphaltene| IOM
A
N11| 420 | 90 | 60 | 425% | 758% | 48% | 85% | 15.7%
Ni2| 420 | 120 | 5 | 380% | 757% | 3.0% | 7.4% | 16.9%
N13| 420 | 120 | 15 | 450% | 777% | 23% | 73% | 15.0%
N14| 420 | 120 | 30 | 522% | 792% | 4.1% | 78% | 13.0%
N15| 420 | 120 | 60 | 58.1% | 814% | 47% | 72% | 11.4%
N16| 420 | 105 | 60 | 56.2% | 812% | 45% | 68% | 11.9%
N17| 420 | 135 | 60 | 593% | 827% | 10.7% | 62% | 11.1%
N18| 400 | 120 | 60 | 580% | 802% | 3.8% | 84% | 11.4%
N19| 440 | 120 | 60 | 53.0% | 80.7% | 83% | 65% | 12.8%

H__Aﬁl_




o] #37F & YA &) WEd AL Ae AFLol AN FAFEY
B = FA¥ s e AR B Z dove FA9 712 R coked]
YA A2 Hol g AL H oil 8] HAUt HE AT LW A9 UA
gt

A B AP A= nickel acetyl acetonate & AlE£3HE o 2=¥idd] o
E Age HEE ¥ ol €9 WIHE H4Y7] #3tH, HE2EE 400, 420, 440 °C
X Agre] AF-EI FF oil 48, asphaltene L 7}2¢) dPFe] W AWk
o} ojuf 4 ZI7|UE L 120 bar, AL HEEo] o=AHX & B F U= AL
Q 60 E e, 71 AHYE <H 4-4>9 [19 4-3]d] JEAH

YA BEULS o]l vrg&%T) 420 °ColA A ee] AL 2 oil %o ES )7}
He AE ¥ 4 Jen, 257 440 CE Fr7letded A e AJ &L 933 #
28AT oile) F& ¥k AL B F AT, ¥He gase] YA X9 FUlst
@7 Z718 v, asphaltened ¥tz 2%E £ 4 UAth WhitehurstE o] d7Z2 7
Pof) olgtd Agdsto)A otdYe] A dolF utgAo) v ZEr) G &
=7t F718tE FAIEAEIY BT gEo] ol AAHE w7y AEH
o) BRI uk$< coked WA &Ert 7+t Coprocessings) ME A g ghoh=
$rl2 FARE AHSSte Aol g2A ¢ Whitehurstse] F3& IH2 3 8% 5 3
ov], 7 AHE [2¥ 4-3]7 Tsaid] 77N ¥ € 4 Uch

vt o] ¥hE2%7) 400°CE RolAH 4o Hgole vHE Aue LS ¥
&l1} asphaltened] o] F713lH uwigtA oile] & FAHEE AL € F Sl
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< 4-4> Z2E=¥3] & YHE £X (Nickel acetyl acetonate 2,

%7144 120 bar, 8F&A1ZF 60%)

<% (°C) 400 420 440
AGHB-E (%) 53.0 53.1 53.0
Oil & (%) 80.2 814 80.7
Asphaltene (%6) 8.4 7.2 6.5
Gas ¥ F (%) 3.8 4.7 8.3

Al 4 d ZT7IYY WE IF

A £33 9 FARY B3 @A gAY L vl Fa3 EI FTAHY
ZAAAT ¢ YA FAE 23 U 279 Hed FHL 40001 o139 =
< ¢4F oA JEEAoY, A2 sk Mg FAoly Coprocessing FA -2
Zufe] el FAY ML F3td FHE FFo FHEHAA L I

€ AT e 271908 W] e AAEY X 9 wUEsERE AR 420°C,
A ZF 60 AA A9 x7] 4L 90, 105, 120, 135 barZ WIA]AH 71X A

& FYI}A. 7} Aol AR Mgy HAEE, oile <, asphaltene H gas]
G FE <FE 4-55F [2F 4-4]d) Jepi At

<HE 4-3>A BReutst o] 27|dE e Frlo] st Yo APE H oilY ¥
& %7}89 3 asphaltene> A9 HAYE RHoli . 49 o] Lol Fae
g Fo] HEYL dolv 4L ZE 7R HHAAN AR EHE BHFLY =
B-Z37] wjFo] Coprocessing¥$% 49 Hrld g% EfNgFrds FF-E

£T7l F718lq et HE{EE Y=y asphaltened] 4o F71E ¥t
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[Fig. 4-4] Effect of initial hydrogen pressure on catalytic co-
processing of nickel acetyl acetonate.
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gas®] YAFL 4 v & I 1A g ALoZ B F .

<E 4-5> 7] 44Y Qg g PJAPJES FXE (Nickel acetyl

acetonate &vj, ¥F-$-&% 420 °C, vFL-X13T 60%)

%7) 42%H(bar) 90 105 120 135
Mg EE (%) 42.5 56.2 581 | 593 J
Oil & (%) 75.8 81.2 81.4 82.7
Asphaltene (9) 8.5 6.8 7.2 6.2
Gas HAF (%) 4.8 4.5 4.7 10.7

A5 A weAe BE g

WA @ A ES REE dotry] 93 420 °C, 120 bare] A ¥HEA|ME
5, 15, 30, 6022 o] AP dH#E <E 4-6>9 [2¥ 4-5]°) YE iU

<E 4-6>°|M Rulel Zo] ¥§ Z7]oE oil ¥ asphaltened] %o] 5343 F7}
gtn], AlZko] Ade] wet oile] ¥ A A3 F7FEFAIT asphaltenes] ¥ W37t i
g7t %8 F7)o FARE E 5 YU A JFEE oild] I HKFT FHE B
old oA Mutd] X¥HE FHuol FHT 259 HeeE FUHEAM FIH U
T4 ¥HE3te oil3} asphaltenes A 37|dEo] WXV FH HFee HolA
g, A1Zke] AU Ague] IER EFo] MA3] =7 wEd &g FHE &
0ot olul asphaltene @O =2HE FHYHIY FAl EAHH7] AE] AAHA
Felle ¥7t YAT ¥ Frlde AAHE FRUY BiHHE gl 87 dEd #
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[Fig. 4-5] Effect of reaction time on catalytic coprocessing of nickel

acetyl acetonate.

— 50—



23E Ao Z RARAD. o] AL SzadowE¥Xe GFoM HA B 4 AUk

FE AHSEA| = A Fode € AMEY "R FIL HIAAT e A
B&3 AAHE oilg Fo] T2, gase] AAFLS F/HEE € F AT oJHE
nickel acetyl acetonated]| €l3t Agte] Haj= A HH, gase] AN JAH=AHL

2 Bz

<HE 4-6> YHE&A|7te] W3lo] wWE AAHAE EX (420 °C, 120 bar)

& v} ¥l-g- A2t (min) 0 5 15 30 60
guARE (%) 0 | 335 | 3715 | 410 | 440

Therrsl Oil#F (%) 66.5 73.2 74.0 75.9 78.2
Asphaltene(%) | 6.3 8.7 9.0 8.0 6.6

Gas (%) 0 3.0 5.3 5.9 5.3

AR (%) 0 38.2 44.7 51.4 56.9

Ni Act. Oil% (%) 66.5 75.0 76.9 78.4 80.6
Acetonate | Asphaltene(%) 6.3 8.2 8.0 8.4 7.7
Gas (%) 0 2.9 2.2 4.0 4.6

A6 FH Fo H7bwe W mE I

Coprocessing Zv+-gojAx &Fvje ABFE FAALYH FZHdEo 53 Eit&F¢ 9
ALole Zule Bt f4A &7 dEC Fvjo 1ol ¥ e vy Fe
T FulE Wol AHE3H, I ol Fuje AEFE Folv A7 ¥HA FHd9
B4o) B ATE Py UG,



m2tA £ AFNAME nickel acetyl acetonate Fwje] AlEFo] @E Mg FFE
P PYAEL] BEYXE Golry] 98k 420 °C, 120 baro) A ¥FA|HE 60 o= d1g
Zuje] FEE HIAAZFEA (500, 1,000, 2,000, 3,000 ppm) WL FPew 1 &
BE <X 4-7>9 [1¥E 4-6]] JEIA

gl M ReEvlet Zo|l MEe HI-LELE FvlY &9 F7Mk #A MM Frlstn
oy 1 ol AXA ggtoed oile] 4= & ol AW 2,000 ppmo| A H 31X
€ YehlZ UMY 22y asphaltened} gase] AAAF S dAT €S FA 3 3l
= AL B 4 U9t 92A nickel acetyl acetonateZ:vhe] Ap-g-o]A] 500 ppm%t A}

3= SR BAHS ¥ A= JidE.

<E 4-7> Zv|Fe ¥ ME YHE X

Zu}e] & (ppm) 000 1,000 2,000 3,000
MEAEE (%) 00.8 06.7 08.1 03.8
Oil=F (%) 79.3 79.5 81.4 80.3
Asphaltene(%6) 8.7 8.7 7.2 8.0
Gas (%) 4.9 4.5 4.7 3.8

A 72 HIHAY V¥

GA]ZE ALY 745 o) HAYEE Fo]7] Y3l AAERY HIMANE EA
3t AME3FA Jlow, B AE8FZve HS 9d % Z2vjrd= Co-Mo, Ni-Mo,

Co-Ni £9 o]|FE&£Z & Al &33 Yg°.

_..52._._
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[Fig. 4-6] Effect of catalyst concentration of nickel acetyl acetonate
at 420°C and 120 bar.
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metA] £ AF)AM £ nickel acetyl acetonateZve] EA3}d] Fe, Co, Mos9] o &
% acetyl acetonateg &F I7IeHed 49 AEE H YAE X4 ¥|A=
FEE HEIFAY. H7PE¥e F2 nickeld] g & F&0] FANZE Yo HEES
Egele AFRdgen, Hrtsle e ddIS FE8X8 EUE ALY ws ol
grfld]l o FFAFY EF & F &viw FUAD AHE ALIGT exAL
420 °C, 120 bar, 6022 3o I AAE <E 4-8>3F [2¥ 4-7] YEAHA
o}

a8 FolA BeEuket Mere] AFJEH oil o Fo] RFAR AAHUY, asphaltene
gas®] YAZ oY Frtsta U&E 4sith wEA dE F459 ol 9 A9
= %Ok 2o YL 7 5 gaE & 5 U

<HE 4-8> H7MA B& PAE ¥ (Nnickel acetyl acetonate 2,000 ppm,

420 °C, 120 bar, 60 min)

3 7} A none Fe Co Mo
AeRBE %6) | 581 56.6 56.2 57.9
Oil % (%) 81.4 80,2 80.0 80.0
Asphaltene(%) 7.2 8.0 8.0 8.6
Gas (%) 4.7 5.4 49 5.6
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[Fig. 4-7] Effect of additives on nickel acetyl acetonate.
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M5 & oA IEel My

A 1A AA 7€

B dFdrs d5THAAY M3 FAFY gt FHE FU7] dEd +
28 A 9 I, steamTY utility, ¥ FAAES Hz R upgrading, HE R ¥
7189 AEFHY ol& T2 A &goy, v|ENIEUIE ol &% Y AYPE
7122 w39 PETCS 7iuttel CANMETY] Adx=o] 1+ Process Development
Unit (PDU)& JZ3lY A ZG{AY. T 44 71€2 a3 H

(1) M&%F : Aad FIAFY el @ e /- FAd 1:2) 7|22 300
g/hr f5o|n, e ojdHg L, FHAFT FUYIAFE HFLE i .

(2) 429 FFF : FAY FFHE F2+ &g AIJgLFI vHIA .
iAo 2 pilot plantol X FFEHE T4 ¥ €88 F5F(maf)e] 24% o|B2=
W R AFdAE FAHY FEYT FU &d(mah9 5% FIFHNE FAIA
meta 4o FEFFE U Ho] AL € 5 JUth

($=2FF%F) = 300 g/hr slurry x 0.05 = 15 g/hr H;

(3) 29+ nickel acetyl acetonate® wWhg-ol F@F &ufo] 3o ALE3ITT

(4) 39 W¥Wad ¥9Ee:, ey a8n 9379 AFALE A¥HY
Coprocessing ¥F$-Z71Q1 400 - 450°C, 150 - 250 bar, 60% 2.2 s}t

(5) A7 A e AFALLE 15822 djgon, &5+ 150 - 350 °CE &Yt

6) AR e g 238 ¥FPsn QU )gEd JBF BHL 92377}
=33, §3| I, AYPdA Y EAS A3 HS YEY "EA & 979
Me TEFS e EAL B9 A Zda 1AL



A 2d 4 aHATHEY e R AA

Coprocessing ¥4 A 49 7t € FF system, €218 A= R 37, 9
o FF, dd € g, AHEY B € #AYeR FAEHET A7) HEy AANF F
Ae TP ZA dAJAE TR T + Atk 4N By @ A4S gA 1%
a7, 23 £87], @, 2da AGRANE AR = Uk ol Fo] AEH
TAE 4 @ FR Y e oo Eo.

1. 29 71t 9 FF

¥kg-7]& 150 - 250 bard] vEgSHEoA o] H7| dEd e ¥A =28
TEEH7] A3t 1YY F4& A5V 288 A €4

T4 BEAEAA e H3Y 29t AYS (AU E 400 bar, Hd4
2713H8-%F 1 kg/hre] Two-stage Diaphram pump, PPIA} A F)E THIHLH,
2 4F7)M FHtE AT reservoird] AFIA T FH AN AHE-RE reservoir
= 974 5", WA 3", W&F 7 18 1¢E7|E AHEH ol dud 4, A
A2 9HET], reservoire HAS H3ld €k Jlx AFAE A} BAIHH.
F2UAF7e AsoE FAFIEE FAHII LY, reservoire] 4ol 3,7000] 0] H
H ZAFo] WEI 3,400 psidlxE oA FAE & F JEF AU BT F49 FF
glo] AEse AL WA} 39 4F7d FFHAE T429 4ol 300 psi ©]3}
AME ZE& B2F:A FRL A FAE3H7] A< 800 psiojl ez 471 FHH
ojofqt ZAFIEE U ol WY FAEAE [2¥ 5-1]d e ifd

7HHE 28 WeU|E AT d¥HeE 53] 93l High pressure regulator

& AR, 29 $48 Mass flow meter® A1gste] FREE 29 F¢ 23
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g 7 I=EF UG BT lined] FEFY oJFE AT 49 FE< F74
3t surge check valveE €, Wwr&7|olMe AFE 7] A3 Check valved
dstth 249 FF system® €82 FF systemTF 2 [2F 5-2]o1 JERH T

T4 ARe A GAH] AR g FAHo] /M Wol AMEEHI o, vukg-
Mg olf¥ AL Texacodol 7FF HAPYF Roz <34 o =T
Coprocessing ¥+-& ¥ v|it-g $4E EEdtc WRHLEE 1€k 48 47 9%
pressure swing adsorption®] S ©]-&3X 7 RE ©@3 i AEW AASNDT AT A
1t a8y & dFdMe vg e 8oy 49 Aoy aBIA @t
7] & +429 Az 9 FAFTHLE B AT A3t

2. ete] AN

Nere) e elE 44 B9 FYL PANY) A gFAY Ve HEg 2
2¥ screening ©AE AXoF . H& v €Y A 1YE=E H 3
¢t valve 59 wE, 5 UAY A4S 97| #3o J1edT 332 Ao] nlA )
A AAAA AL 128 60 - 200 meshA =& ®ol A& a3y & dFd
A& UOPY AA715%d| 2&te) 200 mesh 037} H=& g gth

Ao g A U8 e ZEHIAAN A== gAY AVE FA & F
| Ef 7] A v E T W EH7E A HEL sievingE AH 200 mesho] 3+
Agsta olnth YAt & Hee oA HEHZZ Bule EAR Ag By
FATVE G52 8o FHoE 200 mesh o5} £ L HEd Hug =Yt
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T FLUSHING
§ 3 OIL TANK
(h. a 11
G - 5000 PSI
o v,
== A .
HIGH

\ J
t & aa PRESSURE
ssl ] (e PUMP 174 5.
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/\ 1/2 S. =
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[FIG. 5-2] SLURRY AND HYDROGEN FEEDING SYSTEM
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3. €9 A= R FTF

23 ¢ Sievingg A3 A €(-200 mesh) 110 °CZ 71dd FZARFY 1:29 v &=
EFetd €€ AxIdo oo wIdMe €8y AxAd BAFvy 44%
< A7HE7|= ¥ Axd et et E¥xS FTEERE AN TIREE=E 7}
A FAY ¥HErZ Ry

ede EF2E 9 MY FEE V€I AHSZAA 2043 JHEe] FEIE
F 76 ¢t9 ZU|Z2 HA R AFI[L Fde 7tgEHdl ggtyq =& 150 °C 7
A 23 ¥ F U=EF A EF AAY JFE AU A3t mubrjE mfrg 9
A FA CREZZE cEAIIEE A

A& 23U & 93ty Azxd edEe AFHLE gEr]d FFHAoF e, AE
&89 {FFE AV A3 v £3qE <8 FFZE 6L AVE A
A I, o] AFF Y load celle] vigol At @& FA WIE FF & 4 K
=& 3.

Load cellZ2 &A3 =39 £A4 ¥z Xg FFHE &8y FAE $33,
g3 3ol DP cellE F&A3tY gaKe] A3e € o€ FA3Y Load
celle] RAFFHI, olsAd] DP celle] o] dAUY o|fE HAAWH air
operated valveE 32t&3ld EUXERE S E ATLE FF e 5 UERE &
At

sl oue FEZINE BT FFHy] 9odE 1Y s metering
HaE(HAAH 7,500 psi, Hol &F 2,700 cc/hre] plunger type (Milton—-RoyAF A
ENE AX 3 FTF I ow, B U3 ¥ pumpe FHI}E A EI]) Y3

4,800 psiollA 3E 3= relief valved €3, ©|& blowdown trapell A3 g . =



& FAL 7Mse] gEHYE FFAANY & ¥ AHE @EF7] Hd # Qe s E
gA3 Py Aol YeFA Hed, ol 3t flushing oil €& AYPEE F
F3d FA AMNE HAINEE Y Flushing oilZ solvent& Al£3= AL A
A Bl ¢ AHE 2ASEZ 285 Fo] glE antracene oilolt wgo] Al
£ FIAFE AHE IEF A

FTFEL AYPE o)A L BF 1"9 stainless tubeE AP I, AYPE o] F &
29+ ¥4" stainless tube® ALE3ATH EF WX RIE Foly] sty &Y
LEE 150 CZ {FAZF}EE dgon, B JZ4EL WA37] A3 heating
taped T BRZAZ ot Ex& AU sy FFY FHEE F49 IFF
system3 #7 [2¥ 5-2]d YA

4. FHle ¥F5

Zu)e] FF systeme FEY d9 FvjE&dE AFes AFE(EF 2 )%, FF
He &ule F& S E2AHY £ YE FER, 1YL ol aYeE FEIE
A g2 FAEHY ok AAY systeme DAZ 7I4ElY 37|YA =V} FAHE
5 A

frfo] A EAZv|(Nickel acetyl acetonate)r 2] IYPZ(HYLE
4,500psi, H&F 150 cc/hrgl plunger type metering pump (Milton RoyAl #}¥E))&E
o] 83 7tx¢t &ggrt E¥HE mixing blockd] FYHEUY, FFHE & &
€ FA337] 939 vl FFRE Y Aoy g £FE A £33
W FFEHE &9 Y& A3 BE ¥WBe 32 F£IAYPLE dJHod,

FH B2 BF Y" stainless tubeE A3t 2T HF sytstem?) [28 5-3]9
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U 22y oo 92 Had wdMe e AxzAld FAR9 @4
A71e = A A

5. d¥7] H wkE7]

7t A E 7]

dEr|E €4 E vlg YALE AOE FEAAFY] R ukgr)oAe] G}
38 FA2AAFE 98L& . £F Coprocessing ¥HgolA %7 71d £:8 =4
Ho2H AEES EXdx 9% v F Ao EAFZWE A& §HEA]
WHEFol AR € BFoe dErle e oS FAT J¥E A E9. &I %
719 FHE4E H 5 AEIY Ao 98 Fre . gIdH B
8] 7] 7MESE U 259 FHE test¥ F JEF LV 2 & 150 - 300 °C
2 23 8 5 IxF A

€22 ¥HE v gFTd ARCY A Fo= tubed WP o Z o} fludized
sand batho] o] AHEF®. 28} 7Y 2} Qs 2| E FF
Feo] g7 ARG, dErle 278 ZAIY] fdtd e AP A Y &8
o EY{F&E dolok d=d &y €8y YWErl B3 L lojx, odr]e
+=& 350 °C, 9382 200 bard}x 714 & o g3 o] AL & 4 .

(e2ig]9 ¥ 7<%) = 300 cc/hr

(29 F3%) = 300 x 0.05 = 15 g/hr

P

o] 9%x) = 0.01 g/cc

(=

(

A

2] Byjf<£) =15/ 0.01 = 1500 cc/hr

n



(AA 98-E9 F9F%) = 1800 cc/hr = 30 cc/min

(1EA9] #3]) =5x 15 = 75 cc

olnf 44 ¢ YEE Soave Re lich Kwong(SRK)4¥ o 28 Eg Za13¢th

dAEE 13 ¥ 9 xol/AAu|(H/DY])7} 100] 7174 o] FH 2R ojufe] o &T]
o] WAL 21 cm, olE 21 cmold. I8 Y A} HY & tubed AHE-3H7] 918
o €7 2", WA 1", o] 20cme] seamless stainless tube& AH8-3FH ).

ofdrld] FF3tHol 3= EFS Ay gl e2E e €8%FE £ Zya
7} 3L, 4o 8% 355 Kealkg®C o2 150 °CellA 300 °C 74A] 7Fgsle
H 28HE 4%

Q = (0.3 x 1 + 0.015 x 3.55) (300 - 150)

= 53.0 Kcalhr = 61.8 J/sec ~ 60 W
FEEES 30 % 7HASE €8 HEL 200 W7 €4

a2 AFALe] 15802 wje Fn 278 A FAE Fe Feecjolm

2 1 KW 238 713 jacket type?] heaterE Az}l 9o A H.

g7 FA4Y 7M1 Aol He FRLoEAN ¥E XM Fihe HIF ¥HEo
Zg W 93ty WA HEzZ 2U¥sd w2k, 49, ' AFAT 9 £
2Rl ZHo] vj§ FRIATY. WM HE §F AHKTAHNA Sx=9 2Ho| §o]d}

, At E 7t ff & £ CSTRE 712 AR

I3

889 ¥/ 300 cc/hro] X gk CSTRE Ui thdgt =019 tubeE A X

3l AFAE 23 € £ U7l dEe 1 ¢ £Fe] n¢tubk-gr|(Autoclave



EngineeringA} A ¥, Xytel spectrum reactor)& HAde FYIFACE o] ¥kgr] 2d
< ¥ 9 {AT 43, 3FELE YT JHEEY] gie] X9 xFHo| o],
E3] Uie] ¥ @& X339 F43 Ygo] 7hed FHE AV Qo

718 UJoE AAEL overflowqo] =& AX g en, ol #He] W7o
Zow =2y g7t 7] dEe] % " tubeE AHE3FF

hE-7]9 &%+ 400 - 450 CE 23 5 UEE 3oy, #dX9 gIJo=
AT AL WA 37 H3}o 4,800 psidlAd HEFHE rupture disket S LA
23 relief valve® AX| 3L, ¥HE7]2] 4FHS pressure gauge®t pressure
transducer& o]4-3td FAld S ¥ F JEF I

EG @l Yzte] o =YL WA E7] 913t} heating tapeE ol 71EEHA
oo, 7}de] ¥ @ AP L A} A WAL MU UEU]Y FHEE ¢
719k @4 [ 5-4]o JeERRdT

6. EH &Y FTH

7}, 13} ¥27)7] (High pressure product receiver)

13 £e7le ¢E7|dN dee 1-9 7H9 EFEL FAFER 7|Ae A=
2sta, $IAREF viukg A € JEES AT A Hez w&de JEE
gt

o] £e7l= e &%l 2 (A F9 IYZ7]9F air operated valve, timer=
TAHY floy, ¢F 24 THHLZE timerZl AZE LABA I air operated valved
AP o2R AYEV]E HEe 71N AL B F JIUEE FH

AYETE 71Fo] wj$ uld BAZ Autoclave EngineeringAle] AEF} FLE Al
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Foz I Ak
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