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Fig. 1. Experimental Apparatus
3 1. Blower 2, flowmeter 3. silicagel dry
tower 4. 10. g_lasswool filter 5. 6. flo-
1 0 wmeter 7. vapourizer 8. mixer 9,  rea-
ctor 11. absorbing bottle of waste gas.
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Table. 4. Partial pressur, reaction ratio and yield of sulfur tri-oxide.

RUN NUMBER

conc of sulfur tri-oxide :(Vol %) 4.3 9.4 16.2 5
refined oil yield (%) 79.8 79.3 79.5 79.3
sulfuric acid yield (%) 5.3 5.4 4.4 4.2
sludge yield (%) 21.6 22.0 22.8 23.2
saturation component ratio of -

refined oil (%) 73.2 73.6 71.7 71.6
reaction ratio of . .

saturation component (%) 3.4 3.4 4.8 4.9
reaction ratio of aromatic

group component (%) 16.8 17.3 15.7 15.8
sample oil ! (B) reaction temp . 60°C. reaction time : 45m/n stirring rate I 1,200rpm.

addition rate of sulfur tri-oxide . 0. 15g/100g~- sample oil-min.
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Table, 5. Effect of stirring rate.

RUN NUMBER ---—-
stirring rate (rpm) 1, 200

refined oil yield (%) 82.0 80. 4 79.8 78.9 79.3
sulfuric acid yield (%) 3.7 3.9 4.9 5.5 5.4
sludge yield (%) 21.0 22.4 22.0 22.3 22.0
saturation component ratio

of refined oil (%) 71.5 71.5 72. 4 73.5 73.6
reaction ratio of .
saturation component (%) 3.2 4.3 4.1 3.8 3.4
reaction ritio of aromatic 14.8 15 3 16.1 17.6 17.3
group component (%) : : . : :

fans of stirrer have 4 1.5 cm size with one pair, stir by air is ignorant.
sample oil | B, reaction time ! 45 min,
addition rate of sulfur tri—oxide :@ 0.15g/100g — sample oil, min

conc of sulfur tri—oxide . at the atmosphere . 9vol %
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Fig. 2. The variation of reaction ratio
and yield with reaction time

: reaction ratio of saturated component
: reaction ratio of aromatic component

ZRy

. yield of sulfuric acid
@ . yield of siudge

arometic bicomponents and sludge yield.

reaction ratio of saturation

5.0 10.0 15.0 20.0
addition quantity of sulfur tri-oxide.
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308 3708 Wyow spHste] & & Bal A 35 7elch

Table. 6 -2 4% 4o — MM & vebuleh

TABLE. 2. The properlies of sampled oils

: Sampled oil | 100 turbine oil (A) 5 5on ol |
maker T yukong 1 td. yukong 1 td.
specific gravity (60/60F) 0. 880 0. 867
viscosity (40T cst) 95.1 14.2
visosity index 99 87
mean molecular weight | 350 300

Ca% 4 22
ring analytic value {Cn % 34 23

Co % 62 55
saturation component 85. 4 61. 8
content ratio (wt%)

WA ER= (a+b-+e) 00 e (1)
wOo
. 1
TR K= %: . W(())O ............................................................................................... (2)
23,20 v 23 100
2w 2y e (f4-d) — (e S _ad A
el AR = ((F+d) — g7 g P Ha )~ Chwe (3)
BRI 5 HE R = (W Sp — (a+b+e) .SP}.‘%QQ ............................................................... (4)
0
) \ 1
5 7 ek oy B = (W, (1 —S¢)— @atd+e) (1-Ss )}WOQ .............................................. (5)
0
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a : Refined oil

b :oil part f . Neutralized sludge
¢ . Na Sulfonate p . oil Layer

d ! Neutralized sludge q . Extraction Layer
e [ oil part r . Sludge Layer

Fig. 3. Reaction ratio of saturation and
aromatic group vs reaction temperature.
stirring rate : 1200 rpm,

addition rate of suifur tri-oxide : 0, 5g/100¢

sample oil-min. conc of sulfur tri-oxide at the

atmosphere | 9 vol%,

© : sample oil (A), reaction ration of aromatic

group component at the reaction time 25
min.

@ : sample oil (B), reaction ratio of aromatic
group component at the reaction time 45
min.

. sample oil (B), reaction ratio of aromatic
group component at the reaction time 25
min.

K : sample oil (A), reaction ratio of saturation

component at the reaction time 25 min.
reaction temperature () . [ sample oil (B), ” ”

TR ” o ”

at the reaction time 45 min.

reaction ratio of satruation

and aromatic group (%)

I
O

Table, 3. Effect that make interrupted reaction and separated sludge extracted sulfonic acid.

[ xoNioeER.. 0 [ 2 2 i

addition ratio of sulfur | 3 7513 6307 38) | 6 63-+46.75(13.38) [7.13- 7. 19(14. 32)

tri —oxide (%)

refined oil yield (%) 77.0(77.6) 59.4(61.2) 57.8(59.0)
sulfuric acid yield (%) 9.2(5.7) 13.7{( 5.8) 8.1( 5.6)
sludge yield (%) 21.2(24. 1) 40. 3(46. 4) 48.4(49.7)
saturaton component

content ratio of 74.0(74. 1) 90. 4 (88. 6) 90. 8(90. 8)
refined oil (%)

reaction ratio of ‘

saturation component (%) 4.8(4.3) 8.1(7.6) 9.3(18.2)
reaction ratio of 18.2(18. 1) 32.5(31.2) 32.9(32.8)

aromatic component (%)

sample o0il B, reaction tem : 60C
addition rate of sulfur tri—oxide ! 0. 15g/100g sample oil min. stirring
rate . 1, 200 rpm

conc of sulfur tri —oxide at the atmosphere :9 Vol %

Fig. 7% & ®ool #al A £EAF ko] BRR e et K5 78 455 sE4ke]
g2 deh, 2 S8x] WK REE K5 T 5955 =%k
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Fig. 4. Yield of sulfuric acid and sludge vs
reaction temp.
€ . sample ofl (A), yield of sulfuric acid at the
reaction time, 25 min.

o ” (B), " "

o ” (B)’ ” ”
reaction time, 45 min,

[ ” (A), yield of sludge at the

reaction time, 25 min.
i (B), ” ”
: ” (B), ” ”
reaction time, 45 min.

yield of sulfuric acid and sludge (%)

0 20 40 60 80 100
reaction temperature(T)

Reaction ratio of sulfuric acid to

aromatic group vs reaction temp

Fig. 5. Reaction ratio of sulfuric acid to
aromatic group vs reaction temp

@ : sample oil (A) reaction time 25min,

;- sanple oil (B) ”
® : sample 0il(B) reaction time 45min,

reaction ratio of sulfuric acid to
aromatic group/reaction ratio of
aromatic group component.

0 20 40 60 80 100

reaction temp ()

Fig. 6. addition rate of sulfur tri-oxidevs
reaction ratic and yield

sampie oil ; (B) stripping rate : 1200 rpm.

reaction time : 45 min, concentration of su-

Ifur tri-oxide at the atmosphere . 9 vol% .

A reaction ratio of saturation component.

)1 yield of sulfuric adid.

B : reaction ratio of aromatic group component,

® : yield g5 sludge.

aromatic group bicomponept and
yield of suifuric acid and siudge.

reaction ratio of saturation,

o} 0.1 0.2 0.3 0.4
addition rate of sulfur tri-oxide
(g/100g-sample oil min)

obel 4] FaF nhe} zro] EKHM ol KM mRA-S 3L KA —E Wit Laed
- A

Ak (meno — sulfonic acid) &2 == Vo =]l ) By gFEAo g Fol, RxeEEALY s




Table. 6.

B
viscosity 100°F cst 11.85 14.95 17.91
210°F cst 2 65 311 348
viscosity index 59.0 62.4 65.9
specific gravity (60/ 60F) 0. 891 0.895 0. 899
mean molecular weight 288 298 308
ring analytic value Ca (%) 24 22 20
Cn (%) 23 23 23
Cp (%) 53 55 57
saturation component
597 61° 637
content ratio (wt%)

The fractional oil spec of sample o0il(B)

Me BRR St FEE RIAKS SRS 5 TG MRAA Ehe uhe 22 BB &
FrYel #5e] fES Mol HP Zopm Azl
SR RO KB FEAL PHER 5 100 SEEEA AT Ab RIKKE 4

A

© R
TR e

TR 270kl Aol BlEiel E TR 2509 ol A A0 EE(M-S KEM o] vl Tu
WAl L] GraBEel Bl4she SR #3009 £91 EE ¢AdoE

o] = EshE 2 hstEolvh ¢
—HE o2 Bl 22 SR FHEKS TekA el 1ol 282 A KE

reactien time(min)
0 20 40 60 80 100 120

Fig. 7. Variation of time for sulfuric acid
from all sorts of sample oil.

”\; reaction temp :60°C. stirring rate :1200rpm.

< addition rate of sulfurtri-oxide ;0. 15g/100¢

fg sample oil-min.

©

g ® kerosene (mean molecular weight 288)

2 O gas oil  ( ” 298)

2 @ heavy oil ( ” 308)

« A sample oil (B) ( " 300)

B

@

>

0 50 10.0 15.0 20.0
Addition ratio of sulfur tri- oxide

e EEARS] 71 Eoll B BHME-S Hkel Wel £ ERE kT AR ST R 250~300-8 R
= A Ebsls Ao ® MRS oL Bt oS B B 5FE SHE AV PHST
Hol 2 @iyl e K LxgsFaAs ’#ﬁ&ﬂ% BA-FEe FEE KD fEF 27
HEHE SEA ko] doba 4 2slo)

Fig. 8ol B2 FR3 AL KERE 60C KR 255 2ol A S &4 KRS, Relnl
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s\j Fig. 8. The mean molecular weight of sample
oil vs yield of sulfur tri-oxide :0.15g/100
':-,, g sample oil-min. conc of sulfur tri-oxide
© at the atmosphere.
°
5
5 @  yield of sulfuric acid at reaction time 25
a min.
T O : maximum yield.
@
=
‘250 300 350
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