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ABSTRACT
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ent distribution rtclaattlon process using 5»1O» 22,
50 wt 0 Core II HB Ln Santomsx-OMP has been •

The wlped-fllm distillation of
to" be economical. Catalytic hydro- lally reduced high boiler have yield of hydrocracked product T «••._. .*   — <• - . - e- — a M

CoBt~co«parl8ona ot several

The solvent distribution
50, 40, U-— Z _Cost evaluations show that spent coolant, 
high boiler Is economical to reclaim. coolant; costCore II high boiler gave a 27% yield of evluatlons show this process t__ cracking process studies on 15•»>

polyphenyl. for SI ” Seen Initiate. Ce- "S *?’
technically feasible reclamation proceeaea. preeented in an earll 
report, were reevaluated and are tabulated.
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II. SUMMARY
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at these HB concentrations cess gives a yearly on Investment of Jo

Coolant reclamation studies were devoted to process development and product evaluation during this quarter. The solvent distribution process for reclaiming both OMRE Core I and OMRE Core II high boiler and spent coolant was extended to formulated spent coolant mixtures containing 5, IO, JO, <O, and 50 wt % high boiler. Fractionation of the high molecular weight fraction from the low molecular weight fraction (reclaimed coolant) was achieved in all cases. Cost calcula­tions show that spent coolant containing 20 wt 0 or greater high boiler (HB) would be economical to reclaim. Economic evaluation shows that vwivtui, the solvent distribution reclamation pro­profit of about $750,000 and a per cent return to 500.
In addition, several blends of solvents were used to reclaim Core II high boiler and spent coolant. These results make the process more general so that it is not dependent on present solvent compositions or sources. The results also showed that isooctane (branched chair, aliphatic) does not give maximum yields of reclaimed coolant.
Electron irradiation on Santowax-omp solutions of reclaimed high boiler gave residue values (after distillation) which were decreased by <0-500 compared to residue values from the m-terphenyl blank.
Wiped-film distillation of OMRE Core II high boiler using a commercial pilot plant Kontro •AJust-O-Film" still gave a 270 yield of reclaimed coolant at its maximum temperature (J2J*C) and minimum pressure (0.5 mm Hg) . An economic evaluation of this process gives a profit of

The overall objectives of this program are (1) reclamation process that is technically sound; theoretical, experimental, end economic studies the relative practi­cality of reclamation processes (coolant management studies); and (» to undertake a broad base research and development program in areas of coolant technology that will both complement present pro­grams and will also contribute basic technology and knowledge to the organic coolant program.
The results of work in the following areas are described in this re­port: (1) solvent distribution reclasmtion studies; (2) wiped-film distillation of high boiler as a reclamation process; (j) catalytic hydrocracking of partially reduced high boiler for reconstituting high boiler; (A) evaluation of product from the reclaaiation processes; (5) preparation of mono-methyl and -ethyl terphenyl and other com­pounds for use in fundamental coolant studies; and (6) economic eval­uation of various reclasmtion processes.

to develop a coolant (2) to evaluate by
cality of reclamation processes (coolant smnagement studies);
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Ing low vise  t (25*-550), and low foulLn , 70, and .  +*259*000 per year when compared to the process where

2• Results and Discussion boiler concentrations were reclaimed by solvent distrl of 5, 10, 50, *O and 50 wt % high boiler in 3antowax-oi using Esso VM & P Naphtha. C--phatic solvent ratios, 20:80 and 50*70. to show that the solvent distribution technique reclamation procedure over a wide range of coolant composition.

Spent coolant samples of various high * * “ but ion. Samples nurwere reclaimedRuns were made using two aromatic: ali- The experiments were designed is applicable as a    -  -- . Table1 gives product yields as well as concentration of spent coolant and high boiler reclaimed in each run.
2.

1. Introduction Final laboratory-scale development work on the solvent distribution technique of reclaiming ter-phenyl spent coolant or high boiler has been completed. A few product, evaluation tests must be completed; when this is done the program objectives will have been net. These objectives were: (1) to separate high boiler or spent coolant containing 5-50% high boiler into high and low mole­cular weight fractions with appropriate blends of hydrocarbon sol­vents, (2) to evaluate the low molecular weight fractions for reuse as reactor coolant moderators, and (5) to develop a technically sound and economical process.

boiler using copper chromite catalyst have been obtained.cess c~— cun’n *«■ c,rw fn iWi
a liquid hourly space velocity of 1.8 to <.8 hFx. character1red. by low coke formation under all conditions. A slx- hour run gave a coke yield of O.* wt %/hour based on feed material.
boiler or partially reduced high boiler, product havf cular weight (59O*C), wnd : tlc-ns of a 60 •-$140,000, and ww a**—.* r— —————-------------high boiler is burned and replaced with new terphenyl.
The fundamental aspects of the coolant program have begun. Dihydro- resorclnol ethyl enol ether (680 g), J-phenylcyclohexen-2-one (200 g), and 5-bromo-ethylbensene (1*0 g), intermediates In the svnthesis of mono-methyl and -ethyl terphenyls and l-phenyl-5-xenyl-cyclohexadlene- 1,5 (dlhydroquaterphenyl) were synthesised. The radiation and thermal stability of the methyl- and ethyl terphenyls as well as the fouling ability will be determined.

FRACTIONATION METHODS

$522,000 per year when compared to the case where high boiler is discarded and replaced with new terphenyl.
Optimum conditions for hydrocracking 15-8% partially reduced high-- _ _ - _ - --- —“—- •--- ’-----w-pro­

can operate"from *95 to 550’c; at 500 to 1500 pslg, and with _ *-* 1.. — — —— ..At■> A a A hr1 , The process 13 
characterised by low coke formation under all conditions.
The product shows considerably better coolant properties than high __2 2 L2_2 Good yields (60-80%) oflow*viscosity ( 0.8 cp at 265*0), low average mole- , an Increased thermal decomposition temperature tendency (—5 mg) are obtained. Cost evalua- % yield process show a profit of-$1*2,000,
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COOLANTS OF VARYING
PRODUCT YIELDS FROM BOILER CONCENTRATION

solvent,g
1.O99-59-9520:30 2.491.021210IO20:80 9.787.25524120:80 6.591.5812705020:80 5.690.81265154020:80 10.089-21895785020:80 1.099.017>40550:70 1.556560IO50:70 10.184.59141450:70 4.894.01554495050:70 6.990.02164050:70 7-988.05245050:70

a HB is high

c

5-
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540
648

Aromatic/ Aliphatic 
Wt. Ratio

fkgh fem
Fraction

Wt HB reclaimed 
per liter

Yields Reclaimed 
SC____

22c

Wt SCb 
reclaimed

 per liter
Santowax c;r solvent,g

198

22c

• HB® cone. 
in

boiler (Core II)
(Cere II HB in Santowax omp)

Table 1
reclamation of jurmulated spent
HIGH BOILER CONCENTRATION

t> SC is spent coolant
Core II spent coolant



These data

Table 2

bC/H
1.40 0.7115955

584 0.21.4?4761.51IO
2.98 5251.5522
0.11770443830
1.8566440

7481.49 1.7366 91.5550

all other data fromratio;

Defined as the temperature at which 1 mole percent per hour

4.
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HB Cone, 
in Santo- 
wax-omp 
Wt %

-RAr
PCFT 
value 
mg film

Wt % 03 
Unrecovered

Thermal 
De comp. 
Temp, C

a Run on sample from 20:80 solvent 
30:70 ratio samples.

b
decomposes.

EVALUATION OF RECLAIMED SPENT COOLANTS AND HIGH MOLECULAR WEIGHT 
FRACTIONS

High Mol. Wt. Fraction 
No. Ave. 
i-tol. Wt.

Products were evaluated for degree of separation achieved between high 
and low molecular weight fraction, thermal stability, andthe film 
forming capacity of the low molecular weight fractions. 
are given in Table 2.

Table 1 shows that yields obtained at a given high boiler concentra­
tion do not change significantly when the aromatic:allphatic solvent 
weight ratio is increased from 20:80 to 30:70. Since the weight of 
spent coolant reclaimed per liter of solvent (VM i P Naphtha) is 
increased markedly at the 30:70 ratio with no loss in fractionation 
efficiency, this solvent ratio is more economical. At a ratio of 
40:60 or lower, no fractionation is achieved. Table 1 also shows 
that even when a 30:70 aromatic:aliphatic reclaiming mixture is used, 
the weight of the high boiler reclaimed per liter of solvent is only 
17 grams at 5% HB concentration and 36 grams at 1O% HB concentration. 
At the decomposition rates expected at these high boiler concentra­
tions and to maintain the high boiler concentrations at 5 to 1O% 
the rate of coolant processing would be 40,000-17,000 Ib/hr, respectively 
(ref.6). This processing late is unsound economically as shown in 
the cost evaluation section of this report. On the other hand, such 
a process is economically sound at high boiler concentrations of 20% 
or higher.
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The solvent distribution process should be related not only to complex 
mistures of currently available commercial solvents such as Esso VM and P Naphtha, but more generally to Blends of specific hydrocarbons. 
Thesj simpler blends can then be related to petroleum compositions 
commercially available at any future time. Thus, if a particular 
petroleum brand name becomes unavailable later, a satisfactory sub­
stitute can easily be found using the data reported. In the Third 
Annual Report (lef. 1), several factors Involved in the selection of particular petroleum cuts were described. Among them, aromatic—ali­
phatic-alicyclic hydrocarbon ratio was found to be significant. In 
addition, trace amounts of high boiling components in certain solvents 
were nearly impossible to remove and contributed to heavy film forma­
tion in the PCFT (pyrolytic capsule fouling test) unit. These factors 
were taken into consideration in formulating blends of known hydrocarbons for reclamation experiments. The hydrocarbon ratios were 
chosen on the basis of FIA* and mass spectral data obtained on 
commercially available solvents which gave the best reclamation 
process (ref. 2). All reagents showed 98-99+ % purity as measured by vaoor phase chromatography (VPC). The boiling points ranged from 99°C (2,2,4-trlmethylpentane) to 1?4°C (n-decane). Solvent blends used and 
yields obtained with Core II HB and spent coolant are given in Table 5. 
Carbon-hydrogen analyses, molecular weight determinations, and PCFT 
runs are currently being carried out.

In general, it appears from the C/H ratios and molecular weights cited 
tn Table 2 that the high molecular weight fractions separated ai-e 
roughly equivalent in each case. The rather high molecular weights 
for the 10 and 30% runs could result from the presence of undissolved 
solute in the diphenyl ether used as solvent in the cryoscopic mole­
cular weight determination. The total amount of terphenyl hold-up 
by the high molecular weight fractions is between 0.1 and 2.9%. This 
loss is Influenced highly by the efficiency of the washing operation 
of the filter cake. In 12 out of 15 runs it was held below 2% and in 
9 out of 15 below 1% using a single-leaf laboratory filter. The PCFT 
data on these reclaimed coolants snow values generally an order of magnitude lower than those obtained with Core II spent coolant (^,50 mg) 
and 50% Core II high boiler in Santowax (42 mg). From a coolant management standpoint, solvent distribution could offer a means of reducing coolant fouling ability. As expected, the thermal decomposi­
tion temperatures show a gradual Increase with decreasing high boiler 
concertration. Reclaimed spent coolant containing 1O% high boiler 
having c. thermal decomposition temperature of 476®C is nearly as stable as Santowax-OMP (49O°C) evaluated under the same experimental 
conditions.



Table 3
PRODUCT

1

8.291.850:70sn-Decane (1OO%)1
2 22.877.250:70

5 27-572.5
4

9.790.550:70

5

87 .5 12.550:70

a For spent coolant runs, as

b
c

d HMWF = High Molecular Weight Fraction.

6.

• MONSANTO RESEARCH CORPORATION •

t

Solvent
ComposItIon

n-Decane 
p-Xylene

47.1%
11.6%

Aromatic: 
Aliphatic 
Ratio

70%
50%

Wt %
Rec.
SC

1
j
I

Run
No.

Wt %
Reclaimed
HBC______

— - - -j aromatic solvent is- taken as total weight of
terphenyls present and aliphatic as total weight of formulated sol­
vent added.

5O:7Ob

n-Decane 
p-Xylene .  , 
Cycloheptane (41.5%)
n-Decane (28.5%) 
2,2,4-Trimethyl- 
pentane (18.8%) 
p-Xylene (11.6%) 
Cycloheptane (41.5%)

Wt %
HMWFdWt % 

HMWF°

2,2,4-Ti’imethyl- 
pentane (1OO%)

YIELDS FROM RECLAMATION OF CORE II SPENT COOLANT AND HIGH 
BOILER USING FORMULATED SOLVENTS

Results obtained from these runs are similar to those obtained with 
complex petroleum mixtures with the same aromatlc-allphatic-allcyclic 
composition. The data serve not only as a basis upon which to 
choose solvents or solvent mixtures if a particular commercial sol­
vent becomes unavailable, but also serve to illlminate certain hydro­
carbons that give low yields. For example, 2,2,4-trimethylpentane 
(Isooctane) gives a yield of 77-2% reclaimed spent coolant (run 2).

Aromatic:Aliphatic Volume Ratio in added solvent.
Initial weight of HB used was 50 grams in 150 ml solvent or 555 
grams per liter.
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n-Decane alone (run 1) gives & yield of 91.8%, a 14.6% increase over Isooctane. The addition of isooctane to solvent aixturec has the effect of decreasing the yield even In the presence of alicyclics that are good solvents for the proceso (runs 4 and 5)- Therefore, in order to obtain maximum yield with a solvent having a 50:70 aromatic saliphatic solvent ratio, excessive arounts of isooctanc and similar branched-chain compounds should be avoided. If they are present, the aromatic content should be increased to a point where maximum yield and fractionation are obtained.
The yield results obtained on high boiler with a JOs^o p-xylene- n-decane ratio are about equal to those obtained with xylol—kerosene solvent pair (ref. 5) and Esso Varsol-2 (ref. 4), but greater than with benzene-hexane solvent pair all of the same aromatic-aliphatic composition. The yield from benzene-hexane at this ratio is 6o% (ref-5).
Some general comments concerning the process can be made.

High boiling solvents (»175*C) should be avoided because these are difficult to separate from the reclaimed spent coolant end also are potential sources of fouling (ref. 1).
Straight-chain aliphatics and alicyclics containing 8 to IO carbon atoms are good solvents for the process.
Isofe’ctane and similar branched-chain aliphatics decrease the yield and should not be used in excessive amounts.
Co to Cb hydrocarbons (straight-chain and alicyclics) also give 
low yields (ref. 5).

Evaluation of reclaimed high boiler and reclaimed spent coolant for radiolytic stability has been partially completed. Studies have been made using the Van de Graaff electron accelerator at our Dayton Laboratories. Some samples remain to be completed at Dayton. In addition, samples are currently being exposed to gamma and neutron irradiation at the Materials Testing Reactor, Idaho, under the super­vision of California Research Corporation. Table 4 summarizes electron radiolysis results on Santowax solutions of reclaimed high boiler obtained from benzene-hexane and xylol-kerosene solvent 
pairs.



RADIOLYTIC

12.360.23
8.920.211.3217C75B

9.76 10.150.250.1*17077K
13-2510.330.212.7017077B
8.296.660.511.1215872E
7.827.650.2*-0.0615872F

8.730.5* 0.22158720
1.83 0.1215872H

15-5*0.370.21■-03

c

d
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Sample No.a 

170T7H

7-32

1*.<J6

038

2.39 9-73

7.38

9-*9

9-28

Solvent pair 
used Ir.
Reclamation _  

Xylol:Kerosene (90:10) 

Xylol:Kerosene (50:50) 

Xylol:Kerosene (30:70) 

Xylol:Kerosene (10:90) 

Benzene Hexane (70:30) 

Benzene Hexane (50:50) 

Benzene Hexane (30:70) 

Benzene Hexane (10:90)

Table *

DECOMPOSITION OF RECLAIMED HB IN SANTOWAX OMP BY VAN de ORA AFP
2 MEV ELECTRONS AT *OO*C AMD 20 WATT-HR PER ORAM

0 Decomposition after Corrections
b Volatiles0 Residue** Total

each sample la generally lower than that obtained for meta-terphenyl 
above. Some redr „t Ion Is expected If one considers the lnhlbltlng(. 
effect of high toller on the decoag>osltlon of terphenyl and also the 
effect of diluting terphenyl with high boiler. The dilution effect 
alone does not explain the *O0 decrease In decomposition products 
relative to m-terphenyl. 2----- 22222_„ ~ 2
redaction by solvent distribution Improves substantially 
all coolant properties. T,------ -—2-2-   ' * ~ZZ
thermal decomposition temperature (higher), and fouling potential 
(greatly reduced), 
gains coupled with 
are significant.

» Samples are JO wt Jt Core I HB In Santowax OHP.

b Gas values are determined by weight loss after Irradiation.

Volatiles represent the weight loss from the Irradiated sample for 
two hours at 2OO*C and atmospheric pressure.

Residue remaining after distilling an aliquot of the Irradiated 
sample for * hours at 2OO*C and 0.05 ■» Hg-

• All samples were run In duplicate and the average la given except 
for 17077K, a slr^le determination.

Table * shows that the per cent decomposition products measured In 

effect of diluting terphenyl with high boiler.

In addition to Improved radiation resistance
These*"include*"average molecular weight (lower)

As far as coolant management la concerned, these 
Increased radiation stability over fresh coolant

8.



CONDITIONS USED IN WIPED-FILM
Pressure,

O.<5512MO.5
0.575x12

»2

51711.9
27.00.59525125
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Tsble 5
DISTILLATION OF OMRE CORE II HIGH BOILER

5 

M

0.5*

0.56

Yield Wt % 

19-2

Feed rate 
Ib/hr

25
1* .6

Still Teap *C

25

25-*

26.0

Cut No.-

1

I
• r
I____ 222

WIPED FILM DISTILLATION 
*. Introduction Research on 
high boiler has also been

B w ■ T — «- sa - - » —_  : ~ - 
i introduction Research on fractionation of coolant containing

Hl line hirh boiler. However, uuring this quarter a

duCtB» IX1C • > waxvnaxQe riaoo • » a.*^ —

•AJust-O-Fllms" still.

operates on a centrifugally wiped, . . . «nd *-he heat trtniferclearance between the tips of tne K2tl« jJ?ket for the
-IX. Th. e,llnOrlc.l
heat transfer fluid. As the blades rota picked
(introduced into the still at the miide

Si? ‘ft:. bi:?:?hrL£^“ <«SSix ‘hTOi*?Lp-
ZitSJiS.^SSiiSS.TSiSS «»> rii» toxc>o>...
be controlled to vary the distillation conditions.
5- R..ult. TO. r..ult. of ‘h. Ol.tlllotlonj^r. too-n IJnJ-bl.^ 
The unit wia operated at its ■axiaua teapenature (525 gj 
pressure (—0.5 ») with varying feed rates.
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properties or

Pistillate
6OE

25
7*9690297550No.

C/M Ratio

Viscosity, cp

550*02
560

none0.6IO

for comparisonplaced hereBoiler (Core II)

h * for definition.See page

11.
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1.27

• 2.55c

A.O*

5*5

1-56

5.60*

6.2f

Cut No 
Plat11lite'

27

Cut No. 2 
Residue

6*«

’L__ ------- * lost in
H^nce, the distillate 1

« High

b At 265*C

c At 2OO*C

4 At 55**C
• 57-5% in Santowax OMP 

f 25% in Santowax OMP 

< Sone terphenyl and 
the vacuum traps. <-
lower.

Wt% Yield

Ave. Mol. Nt.
l.AO 

10.7b

l.*9 
22.5d 

*7.5*

1.52 
15.5d 

58.5*

the lines leading to 
and residue yields are

. 5.Residue

PCFT, mg Ml®
Thermal Decom.
Temp., •Ch

03 content, *t%

Table 6
rao"
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Table 5 shows that reducing the feed rate from 25 Ib/hr, (cut no. 2), to 11 Ib/hr (cut no. 5), had only a small effect on the distillate yield. It, therefore, appears that the still was operating near its maximum efficiency at this temperature (3H-523*C). The experiment was a success from a mechanical and operational standpoint, but the yield fell short of the goal (50-70%) set for this type of process. It is felt that higher yields can be obtained if the stainless steel pilot plant is modified for operation at higher temperatures 
(400-450*0).
Product and residue of two cuts (Nos. 2 and 5) were evaluated; these data are shown in Table 6. The results show that a low molecular weight firaction was separated from a high molecular weight fraction. Avenge molecular weights of the distillates (297»^4j) and residue 590; 741) as well as the carbon-to-hydrogen ratio of the distillates (1.27? 1.38) and residues (1.52; 1.49) provide adequate evidence for the fractionation. Viscosity, thermal decomposition temperatures, and PCFT data provide additional evidence. The viscosities of both distillates were measured at 265*C. The residues were not completely melted at this temperature so that the viscosities reported for them arc for 354*C. The difference in viscosity, even at these two tempera­tures is Indeed large. The viscosity of the residue at 354 C is 22.3 cp (cut No. 5) while that of the distillate at 200 C is 3-60 cp. The residue value, however, is still far below the 50,000 cp limit that the Kontrol still is reported to be able to handle.
The pyrolytic fouling capsule test (PCFT) values and thermal decompo­sition temperatures are improved considerably compared with values for the residue and starting high boiler.
The still performance and viscosity of the residue indicate that yields greater than 27% can be achieved with the wiped-fllm still if it could operate at higher temperatures (400—450 C). An advan­tage of this type of distillation is that the residue time required for distillation of any subctance is extremely short. For distilla­tion at higher temperatunes (4OO-45O*C), the short residence time would reduce coolant decomposition during the distillation.
An economic evaluation of this deep cut distillation using results from cut No. 5 gives an Incremental profit of $332,000 per year com­pared to the process where high boiler is discarded and replaced with new terphenyl. The return on investment la 24% (Table 11).



CATALYTIC HYDROCRACKING OF PARTIALLY REDUCED HIGH BOILER• IV.

A. INTRODUCTION
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During thia quarter, research In thia area haa been devoted to 
optimizing the hydrocracking process to make thia process more 
economical.

Process variables of temperature, pressure and apace velocity were 
studied In an effort to optimize the hydrocracking process using 15% 
partially reduced high boiler as feed and Glrdler G-13 copper chromite 
as the catalyst. In addition to these process studies, three cata­
lysts /results for which were incomplete for the 3rd Annual Report 
(ref. 7J.7 *ere also tested. These results are discussed first.

Results with the three catalysts tested are shown in Tables 7 and 8. 
Nickel-chroma-alumina and molydenum sulfide-alumina catalysts gave 
good results with reclaimed high boiler feed (ref. 7) and equally 
good results with partially reduced high boiler feed. Product yield 
was 70%, coke yield 3-9%» and gas yield only 1.9 to 3*7%. Biphenyl and terphenyl concentration was not increased, but alkylterphenyl type compounds were produced In 11-18% yield. Table 8 shows that 
these catalysts gave product with a much higher carbon-to-hydrogen 
ratio than the starting material. From the carbon-to-hydrogen ratio, molecular weight, and viscosity data, it is quite apparent that at 
least two reactions are occurring: (1) hydrocracking of the par­tially reduced polyphenyls to lower molecular weight polyphenyls and 
alkyl polyphenyls and (2) aromatization of the polyphenyl species 
before or after hydrocracking. This explains both the carbon-to- 
hydrogen increase from 1.14 to I.30, the molecular weight decrease 
(550 to 300-350) and viscosity decrease (10.7 cp to 1-3 cp). These 
catalysts can be considered active hydrocracking catalysts for this feed system and under these conditions.

This method of reclaiming high boiler is a two-stage process: 
partial reduction of high boiler followed by (2) hydrocracking of 
the partially reduced high boiler.



-fir

Table 7
aHYDROCRACKING OF PARTIALLY REDUCED HIGH BOILER'

1

166165164Run No.

120 120120

M0S2—Ala O3M0O3—AI2O3Nx^Cr-A1203Catalyst

90

1.9

55
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Pressure:
Temp:
LHSV:

% Conversion 
% Selectivity

77
4.9
5-6

32
2

49 
no Incr.

91
3.9
2.7

18
7.4

11
8.3

34
1.4

72
0.7

15
1.0

Yields, wt % 
Feed charged 
% total recovery 
% coke on catalyst 
% gas, Cx-C3

aCore II
High boiler reduced with copper ctrorulve catalyst at 23O°CT^4OOO 
pslg In an autoclave to the extent of 15.8%.

Yields, wt % 
PRHB charged 
% PRHB recovery (product) 
% 03» 02 
% hydrocarbon boiling above 
02 and below triphenylene, 
R02 > R0a 
% 0H, R0

1500 pslg
495 + 10°C
3.8-'i+.6 hr"

Duration of run, min.

70
0.5

Feed: 50 wt% PRHB in p-xylere 
H2/HC (mole): 9-11 
liters H2/g total feed: I.3-I.7
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reduced high boilerL AND PROPERTIES OFYIELDS

166t 164HBa PRHBRun No. M0S2-AlaOg

I 72

1.50I 1.501.551.141 .40 544298549518550
2.01.55.18.010.7
571596595b 570360

blk

boiler are placedreduced high

I
I

1
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? reduced 
but

Catalyst
% Product Yield
Carbon-to-hydrogen 
ratio

runs — They represent

I

blk vis tar

-165
MoOs-AlzOs

•9

I

Table 8
HYDROCRACKED PARTIALLY

blk solid solid

using copper t--  _velocity to product yield.

blk tacky tar
blk vis oil

Ni-Cr-Al203
70

No. Ave. Mol. Wt.
Viscosity at 265°C, 
cp
Decomposition Temp.°C
Color and state

-> chromite catalyst the relationship of coke.

a High boiler and 15.856 partially

The data for the hydrocracking are listed in Tables 9 and temperature, pressure, and ®P*'* conversion, and product properties.
The product yields, in ^o^raSkTn^°of°7^S’partlally 1--—
lower than those reported for hydrocra hs conditions, buthigh boiler with the same c^alyst and reac preBent feed (15-8*
molecular weight decreases are g Dhenyl and terphenyls are not partially reduced high boiler). P Alkvl biphenyl and alkyl- produced in any -PP^clable quantity. A1JJ1 cSnvSalor^ range from
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•
Low coke yield* (>.9 to 8.J%) were obtained over the range of con­dition* studied. Thl* 1* significant since the process can be operated over a broad range without excessive coke build-up. At low space velocity, the highest coke yield obtained was 8.J# (run 171). Figure 2 shows the coke yield as a Function of pressure. High pressure ha* the eFFect oF preventing excessive coke deposi­tion un the catalyst. Table 9 and Figure 3 show that increasing— 1 _Z_z: 23 increase in coke Forma- In Fact, coke yield appears to decrease Under these conditions, wore points
tlor on the catalyst, the reaction temperature did not cause an tlon as might be expected. £ with increasing temperature, in the 5OO*C are* are needed.

particularly obvious. More runs were made at the higher temperatures at thia space velocity and pressure so that it is dlFFlcult to pre­dict whether the yield obtained From the 500*C run represents a trend. It was expected that the yield would decrease as the tempera­ture Increased because coke, and gaa, and light end yield* are expected to increase. Thl* waa not the case, however, although high tempera­ture* do have a marked affect on product properties. Thia -a illus­trated in Figure 5, which shows that product From the high temperature runs has a considerably lower viscosity than product From the low 
reaction temperature runs.
Increased pressure reduces the coke yield of the hydrocracking reac­tion. This is important since the cost of the process is dependent, among other thing*, on the catalyst cycle timebefore regeneration and on the catalyst life. Table 9 «hd Figure 6 show that increasing pressure also appear* to decrease the product yield. However, no effect on product properties is noted (Tables 9 and 1O).
The liquid hourly space velocity at constant temperature and pressure affects th* product yield and product properties. The effect product yield is shown In Figure 7. Low space velocity (2.2 hr ) runs gave lower product yield, but products from these runs usually have lower viscosity than product From high *pace velocity runs. The high •pace velocity (A.8 hr*) run* require a temperature of 550 C to yield product exhibiting good coolant properties.
The properties of hydrocrecked products differ markedly From the startins partially reduced high boiler. Thl* la shown in Table 10. Molecular weights were decreased From 518 to about 300. The vis­cosity is changed by a Factor oF 8 to IO (8.0 cp compared to O.6A- 1.5 cp). The thermal decomposition temperature is increased by •bout 25eC From 370*C to >95eC. This shows that hydrocrecked ducts, although containing alkyl polyphenyl*, are equal to or than high boiler or partially reduced high boiler in thermal sta­bility. Hydrocrecked product* are currently being irradiated in the
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velocities.

Pressure

2.1 - 4.0500-1500

+$110,000 and +$259,000 compared to

22.
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Temperature, *C
*95-550’0

per hour, process.

Product Yields Wt 0
60-80

The corresponding returns on Investment for the 70 and 800 
  ,  ~ -^Z * These calculations are based on a500 Mw (e) reactor operating at a steady state 300 high boiler concen­tration and producing high boiler at the rate of 1OOO Ib/hr.

concerned.erties. mreduced high boiler as feed.

 - - - - . Costand 800 yield processes show the corresponding

In Tables 9 nnd 10. product pr (run 183). during thia period. occurred, run 186. run 186.

Liquid Hourly Space Velocity hr*

Materials Testing Reactor, Idaho. Combined results of heat and irradiation will more clearly determine the usefluness of re­constituted coolant for reactor use.

evaluation of 60, yearly profita to be -$1*2,000, the case where high boiler is burned and replaced with terphenyl coolant. r~ yield processes are 3.8 and 9.30.

The economics of this process are extremely dependent on yield, evaluation of 60, 70, 1 * “

A six-hour run was made to compare product and coke yields with those of shorter runs. The data for this run (no. 186) are shown The product yield, conversion, coke yield, and roperties are similar to those from shorter run times This illustrates that catalyst activity was maintained To verify that no loss of catalytic activity run 187 was made using the same catalyst as was used in The results are essentially the same as those obtained with This further showed that the catalyst system was not appreciably deactivated by coke deposition or catalyst deterioration. The coke yield over the seven-hour period was only 2.70. This is 0.4 wt 0 which is well within limits for a low-coke hydrocracking

The results of the hydrocracking process studies show that the process can operate over a broad range of temperatures, pressures, and space The temperature, pressure, and space velocity are critical variables as far as product yields, coke, and product properties are Pressure is less important in regulating the product prop- Wlth Girdler 0-13 copper chromite catalyst and 150 partially the hydrocracking as a once-through operation can be defined within the limits shown below.
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1

I
•Riis phase of the program Is In the Initial stages of planning and preparation. Pure compounds needed for study are being prepared, and a literature search on other aspects of the work is underway. The 
results of the synthetic work are described below.

SYNTHESIS OF REFERENCE COMPOUNDS
1. Introduction A number of alkyl biphenyls and terphenyls are being synthesized in 50-100 gram amounts in order to obtain these pure derivatives for thermal and radiolytic evaluation. It has been shown (8) that high boiler and hydrocracked reclaimed high boiler contain a large proportion of alkyl polyphenyls. Very few data exist on the thermal and radiolytic stability of pure alkyl polyphenyls so that a program undertaken to obtain these data is of fundamental ini- portance in understanding the behavior of reactor coolant. Second, the fouling potential of these pure compounds is of great importance and will also be studied. Third, these materials can be made avail­able to other contractors for use as reference compounds.
2. Results and Discussion Approximately 680 grams of dihydro- resorclnol ethyl enol ether has been synthesized as an intermediate for this program. From some of this material, 200 grams of J-phenyl- cyclohexen-2-one has been made as a key Intermediate. About 5 grams of 3-methyl-m-terphenyl has been synthesized by reaction of 3-phenyl- cyclohexen 5-one with the Grignard reagent of 3-bromotoluene. A large-scale run is planned to make a total of 1OO grams. 5~Kthyl- m-terphenyl will be made via a similar reaction using the analogous (Srlgnard made from 5-ethylbromobenzene, which is not available commercially and has been prepared by a Wolff-Kishner reduction ofbromoacetophenone. Experimental procedures are described in App­
endix A.

ECONOMIC EVALUATION OF VARIOUS RECLAMATION PROCESSES
An economic evaluation of various reclamation processes was reported in the Jrd annual report(ref. 1, pJ35). Since then, the various reclama­tion processes have been re-evaluated by our process engineering group to check out the previous estimates. In addition, the follow­ing cost estimates were made: (1) economic evaluations of the solvent distribution method for reclaiming spent coolant containing 5, IO, 15 and 22 wt 0 high boiler; and (2) economic evaluation of the partial reduction-hydrocracking reclamation process using pro­duct yields of 60, 70, and 800. These results are shown in Tables 
11, 12, and 1J.
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• AJust-O-fllm*atlll (ease 2). Processes 3 and * are good P™ce8«« 
but are not supported by experimental data. 2’2^51^ The
a high probability of being successful based on case 2 results, me

The calculations are based on a X» «(e nrXdiei^ hid
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case (process 1).
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reclamation using the solvent distribution process were
In the base case spent coolant is distilled to remove reusable t- ph.nyT SJ£.nt, .nJ the high boiler residue *•
51th fresh terphenyl coolant. ^’•^•.^ •hows that base cases^. 
spent coolant containing 5, and high boiler have high flxeo 
capital and operating costs, and It la *ue“*-ionablewhether 
reactor can operate economically at these HB concentrations .no re 

Reclamation at these concentrations is not economically 
level. It 1. questionable. R.elwatlon 

using the solvent distribution process becomes profitable at the 
ohg HB level and above. The capital and operating cost became 1 
creaslngly higher at low level HD concent b?h5re*Ori * large
levels the terphenyl decomposition rate Is high. Thererore.
amounts of coolant must be processed to maintain steady stat* HB 
concentrations of 5-15#-
Tne same trends would swat likely apply to any process that operates 
at reduced HB concentrations (15# or less).

Except for processes 5. ♦, 11, and 12, the reclamation 
shown are supported by experimental evidence and are technically 
feasible.
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APPENDIX A
EXPERIMENTAL SYNTHESIS WORK

DIHYDRORESORCINOL ETHYL ENOL ETHERA.

B.
2-
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All aqueous washes Both the benzene

i

- 1.5040). at the sameI

5-PHENYLCYCLOHEXEN-2-ONE
four-necked flask equipped with stirring motor,* * ‘ , aTo a three-liter, four-necked flask equipped with stirring motor, reflux condenser (protected with a calcium sulfate drying tube), i 5OO-ml pressure-equalizing dropping funnel with nitrogen inlet adapter and a thermometer was added 54.5 g (2.22 moles) magnesium turnings. The system was heated with a low Bunsen flame to drive off adsorbed moisture. Anhydrous ether (750 ml) was added followed by a dropwise addition of 40 ml of bromobenzene (reagent grade). Refluxing for fifteen minutes initiated formation of the Grignard reagent, after which the remaining bromobenzene (2.42 moles total) was added dropwise over a two-hour period. Dihydroresorclnol ethyl enol ether (171.5 g, 1.22 moles) dissolved in 650 ml of anhydrous ether was added dropwise to the reaction flask over a three-hour period, while maintaining temperature of the reaction mixture between 5 and 1O*C. At the end of this time the reaction was allowed to re­flux with stirring ♦‘or one-half hour. The reaction mixture was then

29-

To a five-liter, three-necked flask equipped with stirring motor and a Dean-Stark trap surmounted by a Fredrichs condenser was added 550 grams of moist dihydroresorclnol (containing 4% sodium chloride as an impurity) and 2515 ml of benzene. The third neck of the flask was equipped with a nitrogen inlet to maintain a nitrogen atmosphere during the drying operation and during the course of the reaction. The dihydroresorclnol-benzene solution was refluxed while stirring to remove water. After 50 ml water was removed, (leaving about 286 grams, 2.55 moles of dihydroresorclnol), 555 ml (9-17 moles) of ab­solute ethanol and 11.7 grams of practical grade p-toluenesulfonlc acid were added. Stirring at reflux was continued until 42.5 ml water was collected (IO hours). The reaction mixture was cooled to room temperature and washed with 1080 ml of a cold, saturated solu­tion of sodium bicarbonate. The organic layer was then washed with four 25O-ml portions of ice cold IM potassium carbonate solution followed by washes with ice water until neutral, were saved and subsequently extracted with ether.and ether solutions were dried over anhydrous magnesium sulfate. These solutions were than concentrated in a rotary evaporator and subsequently distilled through a Vigreux column. The major fraction boiled between 65-67*C at 0.55-0.45 mm yielding 220.2 grams of a nearly colorless liquid, - 1.5052 (ref. 9, nK° • 1.5040). The ether extract yielded an additional 11.1 g boiling temperature and pressure. The yield based on pure dihydroresorclnol was 64.7%. The purity of the product was 98.5 area-% as determined by gas chromatography.
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5-METHYL-DIHYDRO-M-TERPHENYL/I-(5-TOLYL)-5~PHENYLCYCLOHEXADIENE-1,^7C.
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V

I

65-65°C). Vapor phase chromatography showed 97 area-% 
Infrared spectrum was consistent with the 5-phenylcyclo-

I

A total of' 64.5 grams representing 
dlhydro-m-terphenyl, was collected.

1

a crude yield of 75.3# of 5-iuethyl- 
(Vapor phase chromato­

graphy Indicated that part of the dlhydroterphenyl derivative had de­
hydrogenated thermally to 5-methyl-m-terphenyl during distillation).

cooled and one liter of 1.7 M sulfuric acid was added slowly with 
stirring and cooling with an Ice bath. After hydrolysis the mix­
ture was steam distilled until 5.6 liters of distillate containing 
the excess bromobenzene and some biphenyl was collected. The dls- 
tllland, which consisted of a heavy red oil and an aqueous phase, 
was separated. The water layer was extracted with ether and the 
ether extract combined with the oily material. This solution was 
washed three times with 5% sodium bicarbonate solution and then with 
water and dried over anhydrous magnesium sulfate. The ether solu­
tion was concentrated and the residue distilled through a Vigreux 
column. The major fraction (155.4 g» 71.7# yield) boiling between 
121-124°c at 0.6 mm Hg was collected. The distillate was a viscous, 
pale-yellow oil that crystallized on standing, mp 65-65°C (literature 
ref. IO 65-65°C). Vapor phase chromatography showed 97 area-% 
purity. Infrared spectrum was consistent with the 5-phenylcyclo- 
hexen-2-one structure.

A four-necked flask equipped with reflux condenser, dropping funnel, 
stirring motor, and thermometer was charged with 15.8 g (0.56 mole) 
of magnesium turnings. The system was flamed out, and 450 ml of an­
hydrous ether was added through the dropping funnel. 5-Brcmotoluene 
(120 g, 0.70 mole) was charged to the dropping funnel and about one- 
fourth was added to the flask to initiate the Grignard preparation. 
The reaction was begun only after addition of a small amount of ethyl 
bromide. After preparation of the Grignard reagent was complete 
(2 hr) 59-5 g (0.546 mole) 5-phenylcyclohexen-2-one dissolved in 500 
ml of anhydrous ether was added dropwise with stirring (one hour) 
while maintaining the temperature at 20°C. When the addition was com­
plete, the reaction mixture was stirred at reflux for 50 minutes. 
Upon cooling, 580 ml of 9.5 % sulfuric acid solution was slowly added 
while maintaining the flask contents at 5-10°? with cooling; and 
stirring. The ether layer was separated and washed three *imes with 
250-ml portions of 5# potassium carbonate solution follower by water 
washes until neutral. After the ether solution was dried ever an­
hydrous magnesium sulfate, it was concentrated in a rotary evaporator, 
and the residue was then distilled. A forerun containing bromotoluene, 
biphenyl and 5,51-dimethylbiphenyl was collected. The major fraction 
boiled between 16O-163°C at 0.5 nrni.
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The benzene . 
 ' ‘* j concentrated.

The major fraction boiled between 78-8O-C 
grams (76.5% yield). Vapor phase chromo- 

 .6 area-% pure with no starting 5 -brcmo- 
The Infrared spectrum was consistent with
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END

5-BROMOETHYLBENZENE
A 5OO-ml, 5-necked flask was equipped with a reflux condenser and 
thermometer. To the flask was added 25.2 g (0.127 mole) of 5 -bromo­acetophenone (reagent grade), 140 ml of diethylene glycol (practical) 
12 ml of 85% hydrazine hydrate solution (0.21 mole hydrazine), and 17,5 g (0.5 mole) potassium hydroxide. The reaction mixture was re­
fluxed at a pot temperature of 156°C for 1.5 hours. A Dean-Stark trap was placed between the reaction vessel and condenser, and re­
fluxing was continued with subsequent removal of water and product 
until the reaction temperature reached 195°C. The reaction mixture 
was allowed to reflux for an additional three hours. The reaction mixture was then cooled, neutralized with 200 ml cf dilute hydrochloric 
acid and the heavy oil product separated. The water diethylene glycol layer was then extracted with benzene and these extracts combined with 
the oil and distillate (collected in the Dean Stark trap), 
solution was dried over anhydrous magnesium sulfate, 
and the residue distilled. The major fraction b 
at 11 mm and amounted to 18 grams (76.5% yield)• 
tography showed it to be 99-6 1 acetophenone present. --  .5-bromoethylbenzene structure.


