
a

IDO-11055

May 10, 1063

I

ORGANIC COOLANT RECLAMATION 
AND COOLANT CHEMISTRY
Fourth Annuel Report — December 15, 1961 to 

December 14, 1962

Boston Laboratories
Monsanto Research Corporation
Everett. Massachusetts

-

Daniel A- Scola
John S. Adami 
Charles C. Rich>u*»
Ral-h Kafeajian

«*£
few

«■■■«■*»» Maa > J 0, 

*^***effla» Price j fj

I vZjfcf



This report has been reproduced directly from the beet 
available copy.

Printed tn USA. Price Available from the Office of
Technical Services, Department of Commerce, Washington 
25, D. C.

*■
**

?



Middleton 
O'Neill 
Riser 
Smith 
Steeves 
Wicks

Contributors

Ar Igo 
Ala. 
Bekebrede 
DeMonlco
Cenerizlo
Gary 
Landon

... .—*

Contract AT(10-1)—10B8

Atomic Energy CommissionU. S

MRC Report No.MRBO003A4

Authors

IDO-11056
RJEACTOR TECHNOLOGY 

(T1D-450Q, 24th B4.)Fourth Annual Report 
ORGANIC COOLANT RECLAMATION 

AND COOLANT CHEMISTRY
15 December 1961 to 14 December 1962

IO May 1965 
MRC Job No. 6005

Daniel A. Scola, Project Leader 
John S. Adams 

Charles C. Rtchlusa
Ralph KafesJ lan

MONSANTO RESEARCH CORPORATION 
BOSTON LABORATORIES 

EVERETT 49. MASSACHUSETTS

f

• ••
••

•
>0

9*
9 V

.S

n 
a 

o 
c-

. >
 9

 « Q M
 fU « < »•>



POLYMER YlKUi DETERMINATION
PYROLYTIC CAPSULE FOULING DATA  
CAPSULE IRRADIATION OF RECLAIMED COOLANT SAMPLES.. 
ASH DETERMINATION

Ill

C.

A.
B.

INTRODUCTION
SYNTHESIS

1. Synthetic Routes
THERMAL STABILITY OF SOME POLYPHENYL DERIVATIVES..

FUNDAMENTAL COOLANT STUDIES

PRODUCT EVALUATION

B.
1.
2.

PARTIAL REDUCTION OF POLYPHENYLS  
Introduction  
Partial Catalytic HydrogenatIon of the Ter

phenyl Isomers to Determine the Reaction 
Paths

IV.

V.

[ A.

24

*6

1.
2.
3-

21
21
22

4.
5-

CATALYTIC ICZDROCRACK ING STUDIES ....... . --------  . ..
Introduction... . - \ - 
Catalytic Hydrocracking of OMRE Core II HB.. 
Catalytic Hydrocracking of Partially Reduced 

High Beller
Catalytic Hydrocracking of m.m.m-Qulnquephenyl 
Capsule Irradiation of Hydrocracked RHE and 

PRHF-................................................................................... : -------

II.I 4

I
c.I

I 21CHEMICAL RECONSTITUTION METHODSIII.

A.
B.

FRACTIONATION OF OMRE HIGH BOILER AND OMFJE SPENT
COOLANT

1.
2.
3.

1.
2.

4
4

4
17
17

19

INTRODUCTION
SOLVENT FRACTIONATION STUDIES

Introduction  
Results and Discussion.

WIPED FILM DISTILLATION
Introduction  
Apparatus  
Results

I OBJECTIVES AND SCOPE
RESULTS

1
1

A.
B.

TABLE OF CONTENTS1
Page

i 1INTRODUCTION AND SUMMARYI.

I
I

t

QO
® >

 
• •

 • 
•

B

*0
0 

*0\0O
O

0 
00SN

0&
<*

&



D.

E.

EVALUATION OF VARIOUS RECLAMATION PROCESSES..VI. ECONOMIC

VII. REFERENCES

APPENDIX II- EXPERIMENTAL SYNTHESIS WORK

lv

1.
2.

TABLE OF CONTENTS
(Continued)

RADIOLYTIC STABILITY OF SOME POLYPHENYL DERIVA
TIVES  
THERMAL DECOMPOSITION OP BIPHENYL-RATE STUDIES...

Results
Biphenyl Decomposition Procedure

APPENDIX I - VAPOR PHASE CHROMATOGRAMS OF PARTICALLY REDUCED 
o-» m-, AND p-TERPHENYL C

h

M
B

in
 

th

00
 0

0 
00

-4
 

C
hM

 N
IO

C
h

H



i-

LIST OF TABLES
Page

1.
5

2.
6

5. 8
h Comparison 10
5- 11
6.

12
7. Properties of High Boiler and Fractionated Products 15
8. Electron Radiolysis of Reclaimed Coolant 15
9- 16

IO.
19

11.
20

12. Catalytic Hydrocracking of Core FT High Boiler 25
15. Yields and Properties of Hydrocracked Core IX High Boiler 25
14. Hydrocracking of 15-8% Reduced High Beller 50

Hydrocracking cf 15-8% Reduced High Boiler 5615.
16.

57
17. Partialxy Reduced High

18.
40
4519- Hydrocracking of m,m,m-Qulnquepr.enyl

20. 44Hydrocracking of p-xylene

V

Evaluation of Reclaimed Spent Coolants and High Molecular
Weight Fractions

Product Yields from Reclamation of Formulated Spent 
Coolants of Varying High Boiler Concentration

Centrifugation of High Boiler and Spent Coolant Process
Mixes

Yields and Properties of 51.*
Boile r

Comparative Properties of Core IIIA High Beiler and 
Reclaimed High Boiler

Results of Capsule Irradiations of Reclaimed Coolant
Samples

Hydrosracking of Partially Reduced High Boiler with 
different Hydrogen Contents

Hydrolytic HydrocracKlng of 51•5% Partially ReducedHigh Boiler

Properties of Distillate and Residue from Wlped-Pilm 
Distillation of Core II HP

Product Yields from Reclamation of Core II Spent Coolant 
and High Boiler Using Formulated Solvents

Conditions Used in Wiped-Film Distillation cf OMRE Core II 
High Boiler

of Core II and IIIA High Boiler Fractionation.



Page

21 47Capsule Irradiation of Hydrocracked High Boiler

22 49Yields and Properties of Hydrocracked Core II High Boiler.

2^

51
24 Composition of Partially Hydrogenated o-Terphenyl 53

Composition of Partially Hydrogenated m-Terphenyl 54
26 Composition of Partially Hydrogenated p-Terphenyl

27 m-, and p-Terphenyl for One-Ringo- ,
58

28 64Electron Irradiation of Partially Reduced High Boiler

65Thermal Stability of Partially Reduced High Beiler

50 67Polymer Yield Data on Typical Coolant Samples

68
52 Capsule Irradiation of Reclaimed Coomil Samples 71

Micro Ash Determinations 73
34 74-Emission Spectrographic Analysis of Coolant Ash

55
79

56 Electron Radiolysis of Biphenyl and Terphenyl Derivatives. 79
57

80

31Thermal Treatment of 1,3-DlphenyIcyclohexadlene-1,3

59 Reaction Rate Constants of Biphenyl 84
40 Economic Evaluation of Physical Reclamation Processes 91
41 Economic Evaluation of Physical Reclamation Processes 92
42 Economic Evaluation of Chemical Reclamation Processes 93

vl

Thermal Decomposition Temperatures of Polyphenyl Deriva
tive s.

LIST OF TABLES 
(ContInued)

35

Pyrolytic Capsule Fouling Data on OMRE Spent Coolants, 
High Boilers, Before and After Reclamation

Hydrogenation Path of
Saturation

Partial Hydrogenation of o-, m-, and p-Terp’.enyl with
Glrdler G-13 Copper Chromite, G-49 Nickel, and
Harshaw O5OOP Nickel Catalysts........

Relative Gas and Polymer Yields Obtained with the Van de
Graaff Accelerator



LIST OF FIGURES

AJust-O-Fllm Horizontal Wiped Film Still1.
VPC of Core II Hydrocracked High Boiler2.

275. VPC of Core II High Boiler
4 . Hydrocracking of Partially Reduced High Boiler 51

Hydrocracking of Partially Reduced High Boiler 515.
6. Hydrocracking of Partially Reduced High Boiler 52

527.
8.

9. *(Yield vs LHSV)
Wt % Component vs % HydrogenationIO. i

11. 60
12. 61
15. 62
14 .

15. Ashing Apparatus 75
16. 85Thermal

8517. Thermal
18. Thermal

85
19. Deviation from

85
20. Arrhenius Plot for Thermal Decomposition of Biphenyl
21.

vii
«■»

18

Decomposition of Biphenyl in Glass
Decomposition of Biphenyl

Thermal Decomposition of Biphenyl.Second Order Kinetics

Microdistillation Apparatus for Polymer (residue) Determlnat ion.....................................

Logarithm Viscosity Versus 1/T°R for m-Terphenyl and Various Reduction Products
Logarithm Viscosity Versus 1/TUR for o-Terphenyl and Various Reduction Products
Logarithm Viscosity Versus 1/T°R for p-Terphenyl and Various Reduction Products

Decomposition of Biphenyl at 482-C Deviation from Second Order Kinetics  

(Yield vs Pressure) ...
Hydrocracking of Partially Reduced High Boiler

(Viscosity vs Temperature)
Hydrocracking of Partially Reduced High Boiler

Decomposite on Products of Biphenyl (T-»427-51OeC) as a Function of Biphenyl Reacted

(Yield vs Temperature)Hydrocracking of Partially Reduced High Boiler(Viscosity vs Temperature)



I INTRODUCTION AND SUMMARY

1
I A.

I
I
I
1 The scope of the work Included:

■■

solvent treatment method to1.I
2.

[ 5.

I *

A .

5.

6.

L
RESULTSB.

L

1
I
L 1.

L

Technical evaluation of reclaimed products.

Economic evaluation of potential reclamation processes.

A pilot plant distillation of high boiler.

Studies on two chemical methods to reclaim high boiler:

Process of optimization of the 
reclaim coolant.

catalytic hydrocracking and 
partial hydrogenation.

■ F

The solvent types that can 
Centrifugation was shown to be a good tech-

The solvent treatment method for reclaiming high boiler was further 
refined to Include OMRE* core UIA high boiler and spent coolants 
with varying high boiler concentretions. *“
b«» used were defined. Centrifugation was shown to be a good tech
nique for separating the soluble and Insoluble fractions.

•OMRE Is STeTFrganic Moderated Reactor Experiment at the National 
Reactor Test Station In Idaho.

I.

This report represents the results of exploratory research and 
development on organic coolant reclamation and coolant technology 
under United States Atomic Energy Commission contract AT(10-1)-1068 
for the twelve month period. 15 December 19^1 to 14 December 1962.

OBJECTIVES AND SCOPE

The overall objective of this research program Is to develop an 
economical process to reclaim the decomposed terphenyl coolant In 
order to decrease "oolant make-up costs for organic cooled or 
moderated reactors.

Other obejctives are to evaluate re-claimed products as coolant, to 
determine economic feasibility of several reclamation processes by 
cost calculations, and to study polyphenyl derivatives in an effort 
to determine how terphenyl degrades and forms films, and to provide 
information about reclaimed products.

A fundamental study of polyphenyls and polyphenyl deriva
tives such as the thermal decomposition of biphenyl, 
radiolytic and thermal stability of a IkyIpolyphenyls, and 
thermal behavior of polypnenyl dienes.

I



2.

Results from the electron radiolysis and reactor irradiation of 
reclaimed high boiler and spent coolant defln’tely show that the 
reclaimed coolants have good radiation resistance and can be used 
as reactor coolant.

The centrifugation technique to separate the soluble and insoluble 
Fractions was successful. Large quantitites of spent coolant
solvent process mixture could be processed without blocking of the 
precoat filters used in the Filtration process.

Hydrocracking of partially reduced high boiler is a technically 
feasible process but, again, it is not economically Feasible. Pro
di.cts with high concentration of alkyl polyphenyl (25%) show lesser 
resistance to irradiation than those with a low concentration of 
alkyl polyphenyls (10%).

Hydrocracking of Core II HB was demonstrated to be a feasible 
reclamation process. Product yields of 61-85% were obtained and 
conversions were of the order of 20 to 40%.

The results from formulated spent coolants containing varying high 
boiler concentrations showed that a solvent system can effect the 
fractionation of the soluble and presumably low molecular weight 
fraction from the insoluble high molecular weight fraction. 
Fractionation of Core III HE, a lower moleculare weight mixture 
compared to Core I and II HB, was achieved using Varsol-l and -2, 
and n-decane to give 87, 95 and 60 wt % respectively reclaimed HB. 
Solvents containing a small concentration of aromatic hydrocarbons 
gave greater yields than was experienced with Core I and II HB.

Results of the Irradiation of hydrocracked high boiler indicate that 
these products have good radiation resistance and therefore have 
possible use as reclaimed reactor coolant. All other properties 
are superior to those of the starting high boiler. The economics 
of the process is not good even for 80% yields, however.

A pilot plant distillation using a Kontro centrifugal wiped-fllm 
still to effect gross Fractionation of Core II HB gave only 27% 
yield of reclaimed coolant. 'Wils was accomplished at 325*C/O.5 mm 
Hg at a feed rate of 12 Ibs/hr. Further development in this type 
of distillation equipment could prove fruitful.



coolart mixtures as an Inhibitor.

***-

Electron radiolysis of high boiler reduced at various levels indi
cated that the highly reduced high boiler (55% hydrogenation) under
went radiation-induced cracking. The relative radiolytic polymer 
yield was 0.51 compared to 1.00 for m-terpheryl. C  
reduced to lower levels (11-29%^ gave values of O.^ltoO.6}.

The nickel catalysts, Girdler 0-49 and Harshaw O5OOP, at 195-225*C 
and 1200-2000 pounds hydrogen pressure, promoted outer ring reduction 
of m-terphenyl and p-terphenyl, but center ring reduction of o- 
terphenyl.

Results of the partial hydrogenation of o-, m-, and p-terphenyl 
with Girdler copper chromite (G-15) catalyst at temperatures of 
26O-29O*C and 2500 pounds hydrogen pressure showed that the o- and 
m-lsomers are selectively hydrogenated at the center ring, while 
the rings in p-terphenyl are hydrogenated either randomly or at the 
outer ring. The degree of central ring reduction follows the order 
o->m->p - terphenyl.

A re-evaluation of the cost evaluations of the various reclamation pro
cesses was made. Economic comparison of the processes Indicate that 
the solvent treatment process Is the most economical of the processes 
which have been demonstrated to be technically feasible.

Registered trademark - Monsanto Chemical Company
5

Several alkyIpolyphenyls were synthesized and their thermal and 
radiolytic stability were measured. These Included 4-ethylblphenyl, 
5-methyl-m-terphenyl, 2-ethyl-m-terphenyl, 4-methyl-p-terphenyl, 
and 1,5-dlphenylcyclchexa'Jlene-^,5. All these compounds have thermal 
decomposition temperatures greater than 4OO“C and gave relative 
radiolytic polymer yields varying from 0.48 to 0.76, compared to 
1.00 for m-terphenyl.

Extension of this work to HB gave PRHB of much lower viscosity compared 
to high boiler, and product from the copper chromite reduction showed 
a marked decrease in viscosity compared to product from the nickel 
reduction. Prom the model studies, it is concluded that the copper 
chromite HB reduction product contained a greater concentration of 
single ring reduced terphenyl, thereby causing a large decrease in 
the viscosity. In addition to lowering the viscosity, partial hydro
genation provided a ’’built-in" weak link in the polyphenyl molecules 
and cracking to lower molecular weight compounds proceeded with 
greater ease than experienced with HB.

The reaction rate constants for the thermal decomposition of biphenyl 
at 550, 427, 432, and 51O*C were determined. The decomposition ap
pears to follow a first-order rate expression over the temperature 
range investigated. An activation energy of 67 ± 2 kcal/mole was 
calculated from the rate data.

SampJesof HB 
 > There

is some Indication that partially reduced HB might be inhibiting 
terphenyl degradations since solutions of PRHB in Santowax* OMP gave 
low values (0.18) compared to Santowax OMP Itself. Partially re
duced high boiler may therefore have some value for use in terphenyl
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A. INTRODUCTION

-

«

B. SOLVENT FRACTIONATION STUDIES
1. Introduction

materials.

2. Results and Discussion
Spent Coolant with Various HB

K

4.

FRACTIONATION OF OMRE HIGH BOILER AND OMRE SPENT COOLANT
<
II.

Spent Coolant Reclamation;Concent ra t ions

high boiler concentrationssolvent treatment of high
* no), (3) further- (4) evaluation of reclaimedand

%

Spent coolant samples of various high boiler concentrations were reclaimed by solvent treatment. Samples of 5, IO, 30, 40, and 50 wt-flf high boiler In Santowax OMP were reclaimed using Esso VM and P Naphtha. Runs were made using two aromatIs:aliphatic

Separation of OMRE high boiler and OMRE spent coolant Into low and high molecular weight fractions has been studied In this laboratory by two techniques. The first, and most extensively studied and developed. Is a solvent treatment method. Extensive data have previously (ref. 1,2) been reported on this method and additional laboratory work done In the past year has shown that this method Is technologically and economically feasible.
The second fractionation technique, investigated on a single trial basis. Is wiped-flIm distillation using a Kontro commercial pilot plant wAJu8t-o-Film" still. This unit was capable of separating high boiler Into low and high molecular weight fractions, hut the upper temperature limit (615*c) of the heat transfer fluid used in distillation kept the yield of reclaimed material below 30flC. It is felt that a unit of this type would give adequate yields at higher temperatures.

The overall objectives of this work were (1) to separate high boiler arising from terphenyl polymerization into high and low molecular weight fractions using appropriate blends of hydrocarbon solvents, (2) to evaluate the low molecular weight fractions for reuse as reactor coolant moderator materials, (J) to develop a technically and economically feasible reclamation process on a laboratory scale. A detailed topical report on the solvent treatment process is In preparation. The specific objectives during this calendar year have been directed toward (1) laboratory generalization of the solvent treatment processes to Include coolants of varying and solvents of varying composition, (2)    boiler of lower average molecular weight (Core IIIA HB) study of process techniques and variables, {-»/ oaxuaLivu vi 1^1., Including radiolytic (electron and reactor) stability, (5) *n economic analysis of the solvent distribution process on spent coolant containing 5 to 30 wt-% high boiler.



Table 1

20:80 1965 9.9 99.5 1.0
20:80 IO 210 21 2.*91.0
20:80 2*1 87.255 9-7
20:80 50 81270 6.591.5
20:80 *O 126315 90.8 5.6
20:80 50 578 189 89.2 10.0
50:70 5 5*0 17 99.0 1.0
50:70 IO 560 96.0 1.5
50:70 *1* 8* .591 10.1
30:70 50 **9 1 55 9* .O *.8
50:70 *O 5*0 216 6.990.0
50:70 6*850 32* 88.0 7.9

a HB Is high boiler (Core II)
b SC la spent coolant (Core II HB In Santowax omp)
c Core II spent coolant

J
5-

im

cone. 
In 

Santowax-omp

Wt HB 
recla Lmed 
per liter 
solvent.g

A roma 11c/ 
AlIphatic 
Wt Ratio

PRODUCT YIELDS FROM RECLAMATION OF FORMULATED SPENT COOLANTS OF 
VARYING HIGH BOILER CONCENTRATION

22c

HBa

22C

______ Yields, Wt <
Reclaimed High Mol Wt

SC Fraction

Wt scb 
reclaimed 
per liter 
solvent,g

solvent ratios. 20:80 and 50:70. The experiments were designed 
to show that the solvent distribution technique Is applicable as 
a reclamation procedure over a wide range of coolant composition. 
Table 1 gives product yields as well as concentration of spent 
coolant and high boiler reclaimed in each run.



Table 2

t

b C/HC/H

1 .40 0.711595 5

476 5841.4510 0.21.51

8 1.55 525 2.922

4 58 4 177050 0.1

44^® 566 1 .8440

7481.4950 1.79

from

b

c

6.

I

Initial 
HF Cone. 
In Santo
ws x-OMP 
Wt <

PC FT' 
value 
mg film

wt St 03 
Unrecovered

® Run on sample from 20:80 solvent ratio; all other data 
50:70 ratio samples.

Defined as the temperature at which 1 mole percent per hour 
decomposes.
Pyrolytic capsule fouling test.

EVALUATION OF RECLAIMED SPENT COOLANTS AND HIGH MOLECULAR 
. WEIGHT FRACTIONS

Products were evaluated for degree of separation achieved between high 
and low molecular weight fractions, thermal stability, and the film 
forming capacity of the low molecular weight fractions. These data 
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:aliphat1c solvent 
weight ratio is Increased from 20:80 to 50:70. Since the weight of 
spent coolant reclaimed per liter of solvent (VM and P Naphtha' Is 
Increased markedly a~ the 50:70 ratio with no loss in fractionation 
efficiency, this solvent ratio Is more economical. At a ratio of 
40:60 no fractionation is achieved. Table 1 also shows that even 
when a 50:70 aromatic:aliphatic reclaiming mixture is used, the weight 
of the high boiler reclaimed per liter of solvent is only 17 grams at 
5Jt HB concentration and 56 grams at 10% HB concentration. At the 
decomposition rates expected at these high boiler concentrations and 
to maintain the high boiler concentrations at 5 to 10% the rate of 
coolant processing would be 40,000-17,000 Ib/hr, respectively (ref.5).

Reclaimed Spent Coolant 
Thermal 
Decomp 
Temp,°C

High Mol Wt Fraction 
No Ave 
Mol Wt



b.

7.

Generalizations of Solvent Types for Solvent Treatment Process
The solvent distribution process should be related not only to com
plex mixtures of currently available commercial solvents such as 
Esso VM and F Naphtha, but more generally to blends of specific 
hydrocarbons. These 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 satis
factory substitute can easily be found using the data reported. In 
the Third Annual Report (ref. 4), several factors involved in the 
selection of particular petroleum cuts were described. Among them, 
aromatic-aliphatic-allcycllc 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 formation in the PCFT (pyrolytic capsule fouling test) 
unit. These factors were taKen into consideration in formulating 
blends of known hydrocarbons for reclamation experiments. The hydro
carbon ratios were chosen on the basis of FIAW and mass spectral data 
obtained on commercially available solvents which gave the best 
reclamation process (ref. 5)• All reagents showed 98-99+% purity 
as measured by vapor phase chromatography (VPC). The boiling points 
ranged from 99 °C (2,2,4-trlmethylpentane) to 174 °C (n-decane). 
Solvent blends used and yields obtained with Core II HB and spent coolant are given in Table J.

In general, it appears from the C/H ratios and molecular weights 
cited in Table 2 that the high molecular weight fractions separated 
are roughly equivalent in each case. The rather high molecular 
weights for the IO and 30% runs could result from the presence of 
undissolved solute in the diphenyl ether used as solvent in the 
cryoscopic molecular weight determination. The total amount of ter
phenyl hold-up by the high molecular weight fractions is between 0.1 
and 2.9%. This loss is Influenced highly by the ‘‘fflclency 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 labora- 
tory filter. The PCFT data of these reclaimed coolants show values 
generally an order of magnitude lower than those obtained with Core II 
spent coolant (~50 mg) and 30% 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 ther
mal decomposition temperatures show a gradual increase with decreasing 
high boiler concentration. Reclaimed spent coolant, from spent coolant 
containing 1O% high boiler, has a thermal decomposition temperature 
of 476*C. This is nearly as stable as Santowax OMP (49O°C) evaluated 
under the same experimental conditions.

*Pluorescent Indicator Analysis



5 Ta b 1 e 5

8.291.81

2
22.850:70

5
72.5

4

50 :7O 90.5 9.7
5

50:70 12.5

a For spent coolant runs.

b Aromatic:Aliphatic Volume Ratio in added solvent.
c

d HMWF « High Molecular Weight Fraction.

8-
*

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

n-Decane 
p-Xyler.e

70%
50%

Aromatic: 
Aliphatic 
Ra t io____ _

Kun
No .

Solvent 
Composition, Vol %

n-Decane (1OO%)

Spent Coolant

Rec .
SC

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

High Poller 
Wt % 
Reclaimed 

____
Wt % HMWFaWt % 

HMWFa

5O:7Oa

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

5O;7Ob

2,2,4-Trimethyl- 
pentane (1OO%>

Results obtained from these runs are similar to those obtained with 
complex petroleum mixtures with the same aromatic-aliphatic-alIcycl1c 
composition. The data serve not only as a basis upon which to choose 
solvents or solvent mixtures if a particular commercial solvent becomes 
unavailable, but also serve to eliminate certain hydrocarbons that give 
low yields. For example, 2,2,4-trlmethy.lpentane (Isooctane) gives a 
yield of 77.2% reclaimed spent coolant (run ?).

n-Decane (47.1%) 
p-Xylene (11.6%) 
Cycloheptane (41.5%)

Initial weight of HB used was 50 grams in 150 ml solvent or 555 
grams per liter.



that are good solvents for the process (runs 4 and 5).

Some general comments concerning the process can be made.

5.

Core IIIA FractionationHigh Boiler Reclamation;c.

9-

[sooctane and similar branched-chain allphatlcs decrease the 
yield and should not be used in excessive amounts.

a hydrocarbons (straIght-rnaln and alicyclics) also 
(ref. 8).

The yield results obtained on high boiler with a 50:70 p-xylene-n- 
decane ratio are about equal to those obtained with xylol-kerosene 
solvent pair (ref. 6) and Esso Varsol-2 (ref. 7), but greater than 
with benzene-hexane solvent pair all of the same aromatic-aliphatic 
composition. The yield from ber zene-h*xane at this ratio Is 58% 
(ref. 8).

4. C9 to C 
give low yields

High boiler compositions differ depending on the composition of the 
virgin coolant and the exposure time of the coolant to radiation and 
heat. Core I and II high ooller and spent coolant samples have been 
studied In detail with respect to reclamation by solvent distri
bution. The virgin coolant used In the Core I loading was Santowax 
OM while that used In Core II was Santowax R. The major differences 
between these coolants are that Santowax OM has a ratio of ortho-to 
meta-to para-terphenyl of 8:5:1 (ref. 9) while Santowax R has a 
ratio of 1:5:2.5 (r«f. 9) and contains aoout 1O% pyrolytic high 
boiler. Santowax OMP. with an O:M:P ratio of 1:5:2.2 (ref. 9) and 
about 1.5% pyrolytic HB was used in Core IIIA. In addition, since 
the high boiler concentration was kept at about 5% or less during 
operation of Core IIIA, the high boiler was subjected to * shorter 
reactor exposure time than that from either Core I or II, and there
fore had a low average molecular weight. The terphenyl content of 
Core IIIA HB (16 wt %) Is slightly higher tan that of Core II 
(--12 wt %).

1. High boiling solvents (>175eC) should be avoided because 
these are difficult to separate from the reclaimed spent coolant and 
also «»re potential sources of fouling (ref.4).

2. Straight-chain allphatlcs and alicyclics containing 8 to IO 
carbon atoms are good solvents for the process.

n-Decane alone (run 1) gives a yleld^of 91*3%, a 14.6% increase 
over Isooctane. The addition of Isooctane to solvent mixtures has 
the effect of decreasing the yield even In the presence of alicyclics 
that are good solvents for the process (runs 4 and 5)* Therefore, 
in order to obtain maximum yield with a solvent having a 50:70 
aromatic:alIphatlc solvent ratio, excessive amounts of isobctane 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 fractlonatIon are obtained.



Table *

Solvent.

75Varsol 2 (50:70 )Core II

Varsol 2 (50:70 595Core IIIA

8Varsol-l (12-85Core IIIA

n-Decane (100% aliphatic) 60 50Core IIIA

IO.

aromatic 
aliphat1c

I
High Boiler 
Source .

Yields
----- FdWFHim

To adapt the solvent treatment process to high boiler with different 
histories, ic«.Aauut»*.Auii 
Varsol-2 (50% aromatic) 
are given in Table A.

COMPARISON OF CORE II AND IIIA HIGH BOILER FRACTIONATION 
( Temp 1OO*C)

reclamation of Core IIIA HB with Varsol-l (12% aromatic), 
I, and n-decane was carried out. The results

25

' Because of the apparent decrease in the concentration of high 
molecular weight polyphenyls (shewn by the lower average molecular 
weight) in Core IIIA HB, compared to Core 1 and II HB, yields of 
Core IIIA RHB at 1OC*C are higher.

a yield of 95% Core IIIA RHB and 3% high molecular 
The yield of reclaimed 

  same conditions is 75%« The 
effect of the lower average moxecuiar weight (46o) of Core IIIA 
high boiler can readily be seen. A run using Varsol-l solvent 
(ca 12% aromatic, 85% aliphatic) gave 87% yield of Core IIIA RHB. 
The yield of high molecular weigh* i ractlon was 8.0%. n-Decane 
gave 60% soluble high boiler and 5C% Insoluble fraction.

Unexpectedly, however, Core IIIA HB appears to show a lower solutility 
in p-xylene at room temperature than does Core I and II HB. For in
stance, fifty grams of Core IIIA HB appears to be completely soluble 
in 1OO g p-xylene but, after standing overnight, a certain quantity of 
high boiler precipitates. This does not occur with Core I and II HB. 
It may be that Core IIIA HB has a high concentration of polyphenyls 
similar to m,m,m-<5s which show a relatively low solubility at room 
temperature, but have a high temperature coefficient of solubility.

With Varsol 2, 
weight discard fraction was obtained, 
coolant fro*a Cere I and II under the

aromatic ) 
aliphatic

aromatic 1 
aliphatic



The important fact la that Core IIIA high boiler could be readily

Table 5

Core IIIA RHBCore IIIA HB

450No Avg Mol Wt

1.311.43C/H Ratio

3.23.9cp
378393Thermal Decomp Temp,

1.88.7PC FT value mg

CentrifugationProcess Studies:d.

11.

Comparative properties of Core IIIA reclaimed high boiler and start
ing material are given In Table 5.

reclaimed material, 
can

°C

Viscosity at 265*C,

300

fractionated by an aroma tic-alIphatic solvent yielding Improved 
_____ ;  This indicates' the solvent distribution process

be readily adapted to high boilers with different compositions.

COMPARATIVE PROPERTIES OF CORE IIIA HIGH BOILER 
AND RECLAIMED HIGH BOILER

Reclamation of organic reactor high boiler and spent coolant by 
solvent distribution Involves a filtration step to separate the 
high molecular weight fraction from the soluble reclaimed fraction. 
To assess the feasibility of centrifugal filtration, several runs 
were made with Varsol-2-hlgh boiler and VM and P Naphtha - spent 
coolant process mixes using an 8-lnch diameter basket centrifuge. 
The filter clotns were Elmco Saran Cloth S.A. 601 and Wellington 
Sears terrapin chain-weave. A 1/8 In. thick precoat of Johns- 
Manville Celit^tv f11 ter aid was used. Results of these centrifuga
tions are given in Table 6.



Table 6

• 1OO + 5*C)2500 rpm; Temp.

Soluble fraction

% yield£ yieldProcess mix

85.6Naphtha-SCTerrapin1
8.877.5Na ph tha -SC2 Sa ran

167221.466.9 587Varsol-HBTerrapin5
81922.668.6 4 544 Varsol-HBSa ran

5 O1OONa ph tha-SC

8274 5865.1 51.76* Varsol-HBSa ran

♦ Temperature of process mix • 60 °C.

Wlth-

12.

■■

Run
No.

Filter 
Cloth

No Avg 
Mol Wt

Insoluble fraction 
No Avg 
Mol Wt

Saran (no 
precoa t)

CENTRIFUGATION OF HIGH BOILER AND SPENT COOLANT PROCESS MIXES

(Speed —

With high boiler-Varsol-2 process mix, some difficulty was encountered 
before the centrifugation. The process mix filtered readily if the 
filtration was done immediately after it was prepared. It it was 
stirred between 90 and 1200C for 5 to IO minutes, the Insoluble high 
molecular weight fraction agglomerated in the mixing flask and transfer 
was extremely difficult. This occurred in runs 5 and 4 (Table 6). The 
yields In these two cases were lower than were obtained In previous work 
since the agglomerate occluded low molecular weight polyphenyl.

It was found that Core II spent coolant process mix, which previously 
filtered successfully using a leaf filter apparatus, (ref. IO) also 
was filtered well In the centrifuge provided a precoat was used. t.'— 
out precoat, the insoluble fraction passed through the Saran cloth.

Runs 1 and 2 gave lower yields of reclaimed spent coolant relative to 
the vacuum filtration technique because of losses Incurred in pouring 
from the mixing flask tr the centrifuge basket. In these runs, the 
centrifugation proceeded smoothly without any apparent plugging or 
blocking of the precoat by the insoluble high molecular weight frac
tions (cake).



No

Table 7

(Separation by Centrifugation, Run No. 6)

HIgh BoIler Reclaimed HE

458 82?

4.210.7

1.461 .40Carbon-to-hydrogen ratio 1.30

6.5 142.5**145

13.

• •
PROPERTIES OF HIGH BOILER AND FRACTIONATED PRODUCTS

These runs showed that centrifugation Is feasible for separating 
the high molecular weight fraction from the solvent distribution 

Possible advantages of a centrifuge over a rotary

HMWF 
(DI seat'd 
Fraction)

process mix. Possible advantages of a centrifuge over a rotary 
drum filter are (1) faster filtration rates and (2) less solvent 
hold up In the cake. A possible disadvantage of the centrifuge 
could be associated with cleaning out the high molecular weight 
fractions.

’At 348°C

**50 wt % In Santowax OMP 

By lowering the temperature of the process mix to between 50 to 8O*C, 
agglomeration did not occur; the fine, black Insoluble particles did 
not agglomerate even after standing for 30 minutes. Decreasing the 
concentration of high boiler also prevented agglomeration. Run 6, 
which was carried out at 6O*C and with a concentration of 300 g 
HB/llter Illustrates the temperature effect. In this run. the feed 
stock was 2.61 kg of Core II HB and 8.84 liters of Varsol-l-p-xylene 
blended to give an aromatlc-to-alIphatic solvent ratio (volume) of 
30:70. A cake thickness of 1 1/8 Inches was built up before the 
filtration rate decreased, near the last 200 ml of process mix. 
agglomeration of the high tnoleculare weight fraction occurred, 
resulting In complete transfer of the mixture. On distillation of 
the solvent from the reclaimed high boiler, 93.95^ of the solvent was 
recovered. The properties of the two fractions from this run (6) are 
shown In Table 7.

PCFT, mg film

No Avg mol wt 

Viscosity at 265°C, cp
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Solvent Distribution-Experiment al

Fractionation of 5-501 High Boiler 
VM-^P Naphtha Sv. t ven*

In a tyolcal experiment, 250 <m? of synthetic coolant ccntainlng
from 5 to SCj* Core II HP wus mrlted In a one liter Er ienmeyer flask 
To the molten coolant (at about 125’CJ was added, with stirring, a 
quantity of Esso VN4-P Naphtha calculated to give a solvent weight 
ratio of 50:70 or 20:80 aliphatic (VM+P) to aromatic (total ter
phenyls). The mixture was stirred whUe being held at a temperature 
of lO0*C + 5*C for about 5-5 minutes. At the end of this time, the 
mixture was filtered by suction through a heated Buchner funnel 
containing a previously prepared Ceilte filter material. The filter 
cake (high molecular weight fraction) was mechanically separated 
from the Ceilte, dried an the hot plate and weighed. The filtrate

From these irradiations, it can be ctnluded that reclamatIon of 
high boiler or spent coclan* re su 1» 3 In .-oournt having properties 
equal to m-terphenyl. Although solutions, of s’ anting high boiler 
In Sanlow&x also show good t *dlat ion s* ab! 1 l?y, * ne reelaimed ma
terials are superlc r In Lh>*r reap* *s including fouling ability 
(lower ), thermal stability (s m» wh higher!, m r age me ttn ul ar weight 
and viscosity Iconsiderably tower).

e. Radiolytic Stability of Reclaimed Coolants

Evaluation of various samples of reclaimed high boiler and reclaimed 
spent coolant for radiolytic stability has been completed. Studies 
were made using the Van de Graaff electron accelerator at our 
Dayton Laboratories and reactor radiation from the Materials Testing 
Reactor facility under the supervision of California Research Corp. 
Tables 8 and 9 summarize the data obtained in these irradiations.

For electron Irradiation, It can be seen that samples cf reclaimed 
high boiler in Santowa* OHP show improved relative polymer yields 
with respect to m—terphenyl - In addition, relative polymer yields 
obtained from Irradiation of neat reclaimed nigh boiler samples 
are less than 1.0 with the exception of sample No. 15872D (1.5*h 
Although this is expected, it is seen that ’he molecular weights of 
these neat samples are not appreciably changed after Irradiation 
indicating little tendency to undergo further polymerization under 
these conditions. Furthermore, the lower relative polymer yields 
Indicate that these high molecular weight polyphenyls might be 
cracking to lower molecular weight polyphenyls.

In Table 9, It can be seen that MTR irradiation of reclaimed high 
boiler In Santowax OMF gave a relative polymer yield with respect 
to m-terphenyl of 1.1 while starting high boiler in Santowax showed 
a comparable value of 1.05. Cere IE reclaimed sfent coolant gave 
a value of O.8A.



CZ3 i= r i ( r_rj tn €1 r i X 4

Table 8

Saxpie No.

*

0.6237. *5*1 27.790:10

O.*8<• *68 2*.9 32.250:50170758

0.65444 23.5 33.230:70170778
0.6731.*10:90 21.1170778

Bena-Hex (7C:3O) 96.2361 0.07795.9
0.*53*.926.2270

96.5(50:50) *62 0.50500 91.1
O.*93*.927.1

(30:70) 96.0 0.*5460 **987.7158720
33.8 0.56158720 25.1
92.669.7 1.3**25 39010:90

0.4750.21C:9O
38.6 0.18600Core X KB-

0.56Reclaimed Spent Coolant (30**9) 1*
1.00230a-terphenyl

1.00■•terphenyl 230

a - A polymer yield before and after irradiation divided by polymer yield of m-8s after Irradiation

9, 0 and H and 170T7H, - 58. 77X. 77B

C, D

d - Wlue for Core I KB. and KSC (30*49)

e - 30 wt 0 In Santowax CMP

xyl-ker

Relative 
r

17077H

ELECTRON RADIOLYSIS OF RECLAIMED COOLANT 
(2 Mev electrons at *OO*C. 20 watt-hr/g)

15872D

15872Hc

158728

158728

15872A 

158728°

Solvent Pair 
Used In 

Reclamation
Polym 
YieldNo. Avg

• Mol wt

<=3 I

After Irrad.
No Avg Polymer
Mol wt Yield, wt

*37
500

22^2

3*.7

27

21.3d

Before Irrad.  
~ Polymer 
Yield, wt 4

b • Standard value for 158728.

c - Standard value for 15872A, 8.

?



Table 9

(Materials Testing Reactor, Temp.

Before Irradiation

Description
MRC-14

N.A.**OO 92.8 <2*
MRC-15 RHB in Santowax-OMP 29 5*.2 1.1
MRC-11

58 1.05
MRC-12 Core II RSC 260 14 270 53 0.84
MRC-16 178 m-terphenyl 250 0 22.8252 1.00

I*170 230 0 25.1 1.00
171 250 0 24.0 1.00

N173 230 O 21.9 1.00

Iku. f I
I ti 1

Core II HB in 
San t ow ax - OHP

RHB from 30:70 
solvent pair

Polymer 
Yield Relative 

Polymer 
Yield

No Avg 
Mol Wt

"Polymer 
YieldSample 

No.

After Irradiation
No Avg
Mol wt

RESULTS OF CAPSULE IRRADIATIONS GF RECLAIMED COOLANT RANPLFS 
r 24$*C; Dosage 4.3 x 10» Rads)

*N.A. - Not available
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IE c. WIPED FILM DISTILLATION
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L still

L 2. Apparatus
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was charged to a tared round bottom flask and the solvent stripped 
in a simple still. Last traces of solvent were removed at 5-20 mm Hg. 
From these data, material balances were obtained and the products 
obtained were then subjected to further analysis.

Figure 1 is a drawing of the still. The still is 1 square foot, 
horizontal, forward-taper machine (stator) with blade clearance ad
justing feature. Inside the stator, a rotor, equipped with blades, 
is mounted on the center axis. The still operates on a centrifugally 
wiped, thln-film principle, with minimum clearance between the tips 
of the rotor blades and the heat transfer walx. The cylindrical 
body is surrounded by a heating Jacket for the heat transfer fluid. 
As the blades rotate at 1400 rpm, feed material 1 introduced into the 
still at the wide end of the stator) is picked up by the blades, and 
immediately forms a thin film on the inside wall. The volatile 
materials are quickly vaporized and the less volatile materials flow 
out at the bottom of the stator. The temperature , pressure, residence time (feed rate), and film thickness can be controlled to vary the 
distillation conditions.

*

The centrifuge employed for these experiments was manufactured by 
International Equipment Company, Model No. 28754H. It was fitted 
with an 3-inch diameter basket. The basket was first lined with a 
tared filter cloth (either Saran or terrapin). The centrifuge was 
then started and a slurry of benzene and a weighed amount of Cellte 
filter aid was filtered leaving a precoat on the cloth about 1/8" 
thick. The centrifugation speed was then adjusted to 2500 rpm and 
one gallon of tetrachloroethylene ar Its boiling point (110°C) was 
rapidly fed through the filter material in order to preheat the 
basket. Immediately following the preheat operation, the spent coolant 
or high boiler process mix (prepared as described previously) was 
filtered. The yield of high molecular weight fraction was determined 
by drying the entire filter cake, including the Cellte and cloth, 
and subtracting the known weights of Cellte and cloth. Preparation 
of this fraction for analysis was accomplished by dissolving in 
benzene, filtering to remove spent filter aid and subsequent removal 
of solvent by a rotary evaporator. Isolation of the reclaimed coolant 
from the centrifuge was done as described above.

Research on fractionation cf coolant containing high boiler has also 
been directed at distillation techniques. Distillation using the 
CMS-5 centrifugal molecular still was unsuccessful because of major 
mechanical problems associated with distilling high boiler. However, 
during this period a successful distillation of high boiler was 
carried out a* Artisan Metal Products, Inc., Waltnam, Mass., using a commercial pilot pxant Kontro "AJust-0-F11ms"
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5. Results

1
Tabxe 1C

I
Yield Wt-jtCut No. C

1 *0.5 312 19.2I 232 23 311 0.37

1 1* 63 312 0.3* 25-*
44 0.36 26.011.9 317

I 5 12 323 0.39 27.0

L

L
L
I

11
L
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The pyrolytic capsule fouling test (FCFT) values and thermal decom
position temperatures are Improved considerably ccmoared with values 
for the residue and starting high boiler.

CONDITIONS USED IN WIPED-FILM DISTILLATION 
GF GHRE CORE II HIGH BOILER

The unit was 
pressure

Feed Rate
It/hr

Still 
Temp.,

Pressure 
mm Hg

i

10 shows that reducing the feed rate from 23 Lb/hr 
.b/hr (cut No. 5) had only a small effect

fable 
to 11 
It tterefore appears that the still was cce 
efficiency at this temperature (311-325*C). 
success from a mechanical and operational standpoint 
feil snort of the g_a *_ 
is felt that hlgner yields can be cb'alned if the 
plvOt p.ant is modified for operation at hlgner temperatures (*OO-*5O°C).

Product and residue of two c..ts (Nos. 2 and 5) were evaluated. Tnese 
data are shown In Table 11. The results show that a low molecular 
weight fraction was separated from ■» nigh moleouiar weight fraction. 
Average molecular weights of tne dlstil.ates (297; 3*3) and residue 
$690; 7*1) as we lx as tne tarbor-t -hydrogen ratio of the distillates 
1.27; 1.38) and residues (1.52, ..*9- provide adequate evidence for 

the fractionation. Viscosity, thermal decomp sition temperatures, and 
PCFT data provide additlcna. evidence. Tne viscosities of both 
distillates were measured at 265VC. The residues we.e not completely 
melted at this temperature so that the viscosities reported for them 
are at 35*°C. The difference in viscosity, even at these two tem
peratures Is Indeed large. The viscosity of the residue at 35*°C is 
22.3 cp (cut No. 5) while that of the distillate at 2OO°C is 3.60 cp. 
The residue value, however. Is still far below the 50,000 cp limit 
that tne Kontro still is reported to be able to handle.

The results of the distillation are sncwr. in Table 10. 
operated at its maximum temperature (323*0 and minimum 
(*-0.5 mm) with varying feed rates.

(cut No. 2) 
on the distillate yield, 

rating near its maximum 
The experiment was a 

»waw. a «. j v *.i» c , out t he yield
1 (5C-7C<) set for this type of process. It 

stainless steel

the st 1x1 was 
temperature f



Table 11

5
a Residue Residue

60®64®Wt-% Yield 23 27

69 G 7U9No Avg Mol Wt 297 54555G

C/H Ratio 1.581.40 1.27 1.52

Viscosity, cp

mg filmPCFT,

360 3304 02

03 Content, wt-% 0.610 none

comparison

are

for definition

20.

hSee page 6

^5% in Santowax OMP

At 554 °C

e37 • 5% in Santowax OMP

a 
b

PROPERTIES OF DISTILLATE AND RESIDUE FROM 
WIPED-FILM DISTILLATION OF CORE II HB

leading to 
and .*esidue yields

1^5 38.5e 47.5e

13.5C

Cut No.2 
Dis

tillate

Cut No.
Dis

tillate

10.7 L’
1

2.33°

1.49

22.3d

4. 0e

An economic evaluation of this deep cut distillation using results 
from cut No. 5 gives an incremental profit of $332,000 per year com
pared to the process where high boiler is discarded and replaced with 
new terphenyl. The return on Investment is 24% (Table 41).

Thermal Decomposition 
Temperature, °Ch

High Boiler (Core . II) placed here
At 265°C

cAt 200°C 
d

The still performance and viscosity of the residue indicate that yields 
greater than 27% can be achieved with tne wlped-fllm still if it 
could operate at higher temperatures (4OO-45O°C). An advantage of 
this type of distillation is that the residence time required for 
distillation of any substance is extremely short. For distillation 
at higher temperatures (4OO-45O°C), the short residence time would 
minimize coolant decomposition during the distillation.

3.6Oc
6.2f

■^25% in Santowax OMP

g
Some terphenyl and volatiles were Lost in tne Lines 
the vacuum traps. Hence, the distillate 
lower.



CHEMICAL RECONSTITUTICN METHODSIII.

The equations for the reactions are shown below

Ce.talytic Hydrocracking of Core II High Boiler:

l|lAn x

i

Catalytic Partla

>r
5GOC* psig H

H

Results of the chemical recorstlt ;tion methods ne discussed below.

A . CATALYTIC HYPRuCRACKINJ STUDIES

1. Int reduction

21.

require ■nerr extensive evaiua- 
* clxot plant study than

lhe re tor e 
in

The chemical methods that nave been Investigated for use in reclamation 
of high boiler are catalytic hydx’ocracklng and partial hydrogenation. 
A chemical reclamation involves a change in the polyphenyl molecule 
and yields products which show differences in chemical and physical 
properties compared to the original polyphenyls.

Copper Chromite 
Catalyst

**95-525°C 
1UOO psig 
LHSV, 2.1

R +

This method, i necessity, may 
Lion of products and process varlatJes 
a physical rec lama t L«_n me‘hod.

Copper Cnrmite
+ C * 1 - •* '

H 
—x 
-2

Research during this calendar year has been directed toward optimizing 
the hydrocracking process to improve the economics of the process.
In cur previous worn (Ref. 11) it was demonst rat ed (1) that, a polyphenyl 
system can be hydrocracked to lower molecular weight polyphenyIs, 
(2) that product from hydrocracking has some coolant properties which 
are Improved compared to starting feed materials, and (5 that the 
two-stage hydrogenation-hydrocracking process is technically feasible.

61-855* 
Ci,C2 coke

1-55* 2.7-7-^
Hydrogenation of Core II High Boiler:

H H



H
fl

H
n2. Catalytic Hydrocracking oF OMRE Core II High Boiler

H
11
I

1
Sample

1Run No. 204 (54456A-1) 21 .8 7.141.0

Run No. 206 (5447^-*) 1.6816.71.0 1
Core II high boiler showed The

1
22.

!

more accurately defined.
work make hydrocracking a more technically feasible process 
shown In the early work.

AlIphat1c 
(tutal)

V

) *->r
c rde r of 2V » O *O%. 

o% I t-j* <1*ylbIpneny1 
r a fa tor of

The results of the hydrceruck Ir.g of high boiler 
These new data shu* tta’ coke yields are low 

to 7.6 wt -% based cn feed material. Fur a six-hour 
was C.9 wt-%/hour or 2.7 wt-%.’hr based on the 

prevlc.ua runs. In which coke 
12'.

The object of this phase of the work was to Increase the product 
yields and decrease the coke yields since ln previous studies (ref. 12) 
low product yields and high coke yields were obtained. Since the 
early studies were made, conditions and the catalyst system have become 

For this reason, the results from the present 
than was

from runs 2C<4 and 206 
healeil environments, but 

• h< very broad res- nance 
The relative number of protons 

fo-1cws :
L

To complete the laboratory evaluation of this method to reclaim HB, 
the following studies were made: (1) hydrocracking cf high boiler 
to check previous results (ref. 12$ In view of the high coke yields 
obtained In those runs, (2) hydrocracking of lfj.8 and 51-5^ partially 
reduced high boiler to determine if yields can be increased by a varia
tion of the hydrogen content of the high boiler; results of this work 
will be compared with these obtained by hydrocracking 7.4% partially 
reduced high bcller (reported earlier In ref. 15), and (5) hydrocracking 
of a model polyphenyl, m>m,m-0^, to determine the reactions Involved 
when the polyphenyl system is treated under catalytic hydrocracking 
conditions.

lltt.e or no aliphatic character, 
hydrocracked high boiler samples show a relatively large number of 
aliphatic protons indicating tne presence of al »cy .polypheny is.

Nuclear magnetic rescr »r-:e studies ; r due* 
show a variety of aromatic and Hlph-vl? 
no specific assignmen’h couid be m-»dt *■> 
patterns exhibited by the samples, 
shown for these two samples is as

Experimental data: 
are shown in Table 12. These new data shv* 
and varied from 2.7 to 7.6 wt -% based cn feed material, 
run (2061 the coke yield was C.9 wt-%/ho 
catalyst. This is a marked decrease v< r 
yields of 7 to 22 wt-% were reported (n f.

Table 12 also shows that high boiler 
61-85% are obtained and o-nversl ns 
Blphenyx and terpheryl y It Ida -»re tow 
and-terphenyls are produced In •• reader 
2 to 5).

___________ Relative Number v f Frotons
Inner Pro’cns of Other

Fused Arumdl1g System Aromat1c

revc .ery yields 
«rt c»1 » he 
- * \ .o ♦ c-

r.'er ’ r Ion (by

1

prevlc.ua


t CZ3 C_3 C_ y ■ —■ ——»
- >«■ L

Table 12 'k

CATAUTIC HYDROCRACKING OF CORE XX HIGH BOILER

2Q4*128 206Run No. 122 201 205 203202

Space Velocity, hr“x 3.62.1 2.1 2.0 2.2 2.0 2.1 5.2 5.2
*C *75 *95 *95Teaxpe r a tu re , 525 525 525 525 525 525

Yields, wt-0 Total Feed

6681 89 81 88 81 86 82Total Recovery 97
6.1 6.97.6*.O 5.* 4.3 7.*Coke on Catalyst 2.7 7.2

1.6 1.6 2.*Ci, Ca 0.9 1.1 1.7

Yields, wtd< HB Feed

64 6883 83 61Product 75 7979

8.5 9.* 18 8.713 9-7 5.5 1112

0a» 0s 2.4 3.6 6 1.92.7 1.9no Incr no Incr no Incr

38 18 36 38*7 44Conversion 21 17 22

Selectivity For R£a, 80s *O 24 40 5*2470 21 32 29
Selectivity for fi 5.8 *.3 4.712 21 17

bKxoluilTk of terphenyls. these hydrocarbons were not identified

200 .

900 pelg 
): 9 to 2*

*J4»

Pressure: 
H«/BC 
Liters

lOOO pal* , 
(■soles): 9 to 2* 
H«/g total feed: 1.5 to 3.4

Hydrocarbons bollltMK >0a 
and <triphenylene, R0», R0ab

Feed: 50 wt-0 HB In p-xylene 
Catalyst: Glrdler 0-13 copper chioalte 
Run Duration: 100-360 sOnutes .



is shown with the model

l-i

In

L

E

Li-
L5. Catalytic Hydrocracking of Fortlaliy Reduced High Beller

Introduce 1 on

L
L
L

2*.

«
4a

I

li

Di

A decrease in space velocity from 5.2 to 2.1 at 525*C does not appear 
to Increase the conversion significantly ana hence the product yields 
are constant for these runs.

a decrease In the 
concentration oi components eluting after p-terphenyx. This results 
in a lower average molecular weight and -ewer vlsccslty as shown In 
Table 13. The six-hour runs (2o* and 206) show :iu adverse effect on 
the coke yield, product properties, and conversion when compared to 
the shorter runs. Tne molecular weight decr.we, viscosity decrease, 
and thermal stability Increase could Justify consideration of a 
hydrocracking process ’ o reclaim coolart. The extent to which a 
hydrocracked product containing alkylpoiyphenyis is resistant to 
reactor radiation and touring will be Imp,riant in assessing the use 
of a hydrocracking process for reclamation. Tne final worth of a 
hydrocracking process, h«wt,*r, wlL be governed ty economl factors. 
For an eccnomh-al pro-ess. corslste-* product yields of 70 to 80% are 
necessary ir. addition tv a lew coltt reaction. Our calculations 
(Table *1) snow that an annual incremenial profit of $571,OOu is 
realized from an 8C% yield process, and $222,000 fr<ffi a 70% yield pro
cess. Since these values- ecu id be- in errer by < 50% (these calcula
tions are based on lauura’ory work and d nj in'lude pilot plant 
data on this process*), the hydr. crack 1 ng process becomes economically 
questionable even fur an 80% yield process

As is shown with the model hydrocracking studies on m.m.m-quinqueptenyl, 
a hydrogenation-cracking react ton accounts f.r the large concentration 
of alkylpolyphenyls produced in the hydrocracklr^ process. The 
hydrogenolysis reaction does not appear as important as the hydrof;ena- 
t ion-cracking reaction.

IMjrlng this calendar year, research in this area has been devoted to 
studying tne hydrocracking of 15.8% and 51 .5% partially reduced high 
bolier (PRHB) for comparison with studies made or 7.**% partially 
reduced high boiler (ref. 15).

Temperature has a marked effect or the preduct molecular weight and 
viscosity as shown by comparing run 20* with run 201 (Table 13). The 
hydrocracking temperature for run 20** was *95cC; that for run 201 was 
525*C. In general, all runs show a molecular weight decreare (from 
550 to 350) and viscosity decrease (10.7 to 1.7 cp) when compared 
to starting high boiler. A typical chromatogram of product from one 
run (205) is shown in Figure 2. For qualitative comparison, a 
chromatogram of high boiler is also shown (Figure 3). The chromatogram 
of high boiler snows no biphenyl, a 12% terpnenyl concentration, and 
a high concentration of components eiuting after p-terphenyl (peak 
No. 3). The chroma’oerams of most hydrocracked products (runs 198-206) 
show two changes: (1J the appearan-e of biphenyl and hydrocarbons 
eluting between biphenyl and triphenylene, and 12) 

components eluting after p-terphenyi.
welg 
(20*
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Table 13
YIEUDS AMD PROPERTIES OF HYDROCRACKKD CORE IX HI OH BOILER

206198 20* 202 200 203HB 201 205Run Mo.

696A 6103 75 79 73 79
30638* 3*3 *03 313 320 323No Avg Mol Wt 550

C/H Ratio l.»O 1.2* 1.23 1.29 1.35 1.30 1.32 1.30

Viscosity at 265*0,op 1 6010.7 3.9 1.70 1.70

360 *1*<05
Color and State

*For comparison

These values are to centistokes

blk 
vis 
tar

dk-br 
oil

isa
83

vr br 
vis 
tar

blk 
solid

blk 
solid

—3

blk 
vis 
tar

blk 
vis 
str

blk 
vis 
tar

blk

tar

I
I

blk

tar

b ___ _
Measured at 227 C us Inc the Cannon-Fenske vlscosMter.

1.30
1.35b

1.29
1.56b

c _
See pace 6 for definition

Thermal Decomposition 
Temperature, *Cc
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Figure 5. VPC of Core II High Boiler (Temperature-Programmed)
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I

+ Ha

(1) catalytic hydrocracking. or
•mb

(2) radiation-induced cracking

R
R

C» + coke
(1)

1-5% 2.8-7. yf,

R ■» alkyl or H

y 0,1,2,5

Yield depends ;»n *-h« hydrogen content

(2)

«W»

studies (ref. 11).

28

Process variables of temperature, pressure and space velocity were 
studied in an effort to optimize the hydrocracking process using these

catalyst 
5000 pslg

This method of reclaiming high boiler is a two-stage process: 
tlal reduction of high boiler followed by ----------- “
partially reduced high boiler. The equations for the two reactions 
are shown below.

H H H H

7.5 to 55% hydrogenated

Lower polymer yield after exposure tc 
electron irradiation. Solutions in 
Sant >wax CMP gave lower polymer yield 
than Santcwax CMP.

r J (1) par- 
'2) hydrocracking of the

52-8 5%

Results of the irradiated partially reduced high teller are discussed 
on pages 65-67.

High boiler was reduced at- 225*C and 5500 pslg in an autoclave to 
the extent of 7and 15.8% using Glrdler G-15 copper chromite catalyst 
and to 51.5% using Glrdler G-^9 catalyst. The partially reduced 
products from the three hydrogenations were then hydrccracked using 
the best catalyst resulting from reclaimed high boiler hydrocracking



it <*

Results and Discussionb.

(2) Hydrocracked

1

••

29.

|

reduced high boiler), 
appreciable quantity. 
In 13 to 57% yields. 
In the 4c% region.

.wer 
t he 1 

<e buldup.

The data Tor the hydrocracking runs using copper chromite catalyst 
are listed In Table 14. They represent the relationship of
temperature, pressure, and space velocity to product yield, coke, 
conversion, and product properties.

FRHB

(1) HydrO'-racked 7.44 Partially Reduced High Boiler

These results were reported In the Third Annual Report (ref. 13).

r I* * I

The product yields, In general, vary from 6C to 8C%. These are lower 
than those reported for hydrocracking of 7-8% partially reduced high 
boiler with the same catalyst and reaction conditions, but molecular 
weight decreases are greater with the present feed (lt>.8% partially

Biphenyl md ♦ erpheny ~s are not produced in any 
Alkytt ipheny1 and aLky4 terphenyls are produced 

C* n verm tones range from 20 to 5>c%, but fall mostly

However, a comparison with the 15-8 and 51.5f% partially reduced high 
boiler feeds is made on pages Ui-aj.

as the hydrocracking catalyst, 
three catalysts 
Report (ref. 13) 
cussed below.

I
L 1

Low .oke yields (>.9 *o 8.5%) were obtained >ver the range of con
ditions studied. This la significant since the process can be operated 
over a broad range without excessive < <e bul_dup. At low space 
velocity, the highest coke ylexd c-btal^nd was 8.3% (run 171). Figure 
4 shows the coke yield as a function of pressure. High pressure has 
the effect of preven*Inv excessive -eke deposition or. the catalyst. 
Table 14 and Figure 5 she* t na* increasing the reaction temperature 
did not cause an increase l:i coke format io*- as might be expected.
In fact, coke yield appears to decrease with 1 ocreas* ng • temperature. 
Under these condltlore, point* In the 50O*C area are needed.

High temperatures (j>25 and 55>O°C) Increase conversion, but as shown 
In Figure 6, the effect of temperature on the product yield Is not 
particularly obvious. More runs were made at the higher temperatures 
at this space velocity and pressure so that it Is difficult to predict 
whether the yield obtained from the ^>(X)*C run represents a trend. It 
was expected that the yield would decrease as the temperature in
creased because coke, gas, and light end yields are expected to 
Increase. This was not the case, however, although high temperatures 
do have a marked effect on product properties. This Is illustrated 
In Figure 7 which shows that product from the high temperature runs has 
a considerably lower viscosity tnan product from the low reaction tem
perature runs.

partially reduced high boiler feeds and Slrdler G-13 copper chromite 
as the hydrocracking catalyst. In addition to these process studies, 

----- ----- -- ------------'results for which were incomplete for the 3rd Annual 
were also tested. These results are also dis-
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1
1
1

60 - 804.8*95-550 500-1500 2.1

1
55.

Wlth Glrdler 3-X5 copper 
ttally reduced high boiler as reed, 
operation can be defined wlthlr the limits shown below.

Pressure 
ps If.

185). 
this 
run

Product^YieldsTemperature
°C____

only 2.7«. 
a i <w

A six-hour run was made 
of shorter rjns. 
In Table 14.

tn* same
* t i iy t* t

The liquid hourly space velocity at constant temperature and pressure 
affects the product yield and product properties. The effect on 
product yield is shown in Figure 9. bow space velocity (2.2 hr”4) runs 
gave lower product yield, but products from these runs usually have 
lower viscosity than product from high space velocity runs. The high 
spnee velocity (4.8 hr-*) runs require a temperature of 55O°C to yield 
product exhibiting good coolant properties.

Liquid Hourly 
Space Velocityj hr"1

cat alyat
no loss of 

catalyst as was used in run 185. The 
‘hose obtained with run 186. This 

tystem not. appreciably deactivated 
The coke yield over 

This Is O.tt wt-< per hour, 
*oke hydrocracking process.

The properties of hydrocracked products differ markedly from the 
starting partially reduced high boiler. This is also shown in Table 14. 
Molecular weights were decreased from 518 to about 500. The viscosity 
Is changed by a factor of 8 to 10 (8.0 cp compared to 0.64-1.5 cp). 
The thermal decomposition temperature Is increased by about 25eC from 
570“C to 595*C- This shows that hydrocracked products, although 
containing alkylpolyphenyls, are equal to or better than high boiler 
or partially reduced high boiler in thermal stability.

to compare product and ccke yields with those 
The data for this run (no. 186) are shown 

conversion, coke yield, and 
t r e shorter run times (run 

activity was maintained during 
catalytic activity occurred, 

id was used in run 185. “
hose obtained with run 186.

Increased pressure reduces the coke yield of the hydrocracking reaction. 
This is important since the cost of the process is dependent, among 
other things, on the catalyst cycle time before regeneration and on 
the catalyst life. Table 14 and Figure 3 show that Increasing pressure 
also appears to decrease the product yield. However, no effect on 
product properties is noted.

The results of the nydrocr^ck!ng process studies show that the process 
can operate over a broad range of temperatures, pressures, and apace 
velocities. The temperature, pressure, and space velocity are critical 
variables as far as product yields. , <na product properties are 
concerned. Pressure is less important In regulating the product 
properties. With Glrdler 3-15 copper rhromlte catalyst and 15flt par- 

the hydrocracking as a once-through

T»*e produc* yield, 
product properties are similar to those 

This Illustrates that 
period. To verify that 

187 was made u«lfw ♦ he 
results are essentially 
further showed that the. 
by coke deposition or catalyst ieterlorait »n. 
the seven-hour period was 
which is well within limits for
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The economics of this process are extremely dependent on yield.

(5 ) Hydrocracked 51 ♦ 5% PRHB

and 15-8% PRHB have

55. I

______ ___________ _______ _ _ _ , Cost 
evaluation of 60, 70 and 80% yield processes show the corresponding 
yearly profits to be -|142,OOO, +$110,000, and +$259,000, compared

groups.
5%) •'han those

* +$110,000, and +$259,000, compared
to the case where high’boiler is burned and replaced with terphenyl 
coolant. The corresponding returns on investment for the 70 and 80% 

These calculations are based on 
steady state 30% high boiler con-

 The corresponding returns on investment for the 70 and 
yield processes are 3.8 and 9-3% —------- ---------------------------------------- ------------*
a 300 Mw(e) reactor operating at a 1 .  ----- -------- 
centration, and producing high boiler at the rate of 1OOO Ib/hr.

Considering the highly reduced nature of the high boiler, gas yields 
are low (1-3%). Conversion yields are ir the order of 30 to 40% at 
space velocity 2. Lower conversions (26-28%) were obtained at higher 
space velocities of 3.5 and 5-2.

In addition to the runs using Glrdler G-13 copper chromite catalyst, 
three other catalysts were also studied. Results with the three 
catalysts tested are shown in Table 15. Nickel-chrome-alumina 
and molybdenum sulf ide-alumina catalysts gave good results with re
claimed high boiler feed (ref. 11) and equally good results with 
partially reduced h.xgh boiler feed. Product yield was 70%, coke 
yield 3.9%, and gas yields only 1.9 to 3.7%. Biphenyl and terphenyl 
concentration was not Increased, but alkylterphenyl type compounds 
were produced in 11-18% yield. Table 17 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, and (2^ aromatization of the polyphenyl species before or 
after hydrocracking. This explains both the carbon-to-hydrogen in
crease from 1.14 to 1.3C, the mclecu.ar weight decrease (550 to 
300-350), and viscosity de*rease (10.7 cp co 1-3 cp). These catalysts 
can be considered active hydrccracklng catalysts for this feed system 
and under these conditions.

Tne products resulting from hydrocrack 1 ng 7-u *nd 15.0% PRHB have 
good coolant properties, but yields generally faxl In the 60-7^% 
region. Our previous ccst evaluations (rtf. 39 ) Indicate that 
yields of 80% or greater must be obtained for an economic hydrocracking 
process. Therefore, to make high teller less refractory toward hydro
cracking and in an effort to irrease yields, hign boiler was hydro
genated tc a 51.5% level and subjected to catalytic hydrocracking. 
These results are shown in Tar les 16 and 17- lr general, the yields 
are moderately good, ranging frem 52 to 69%. There was no Increase 
in biphenyl and terphenyl concentration. indicating that the pre
dominant reaction occurring is cracking «f the carbon-carbon bonds 
between the methylene groups. Runs made at spa?e velocity 2 gave 
higher coke yields (~5%) •'han those runs made at space velocities 
3-5 and 5.2 (~3% coke
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Table 15

ISOOjpalg

16616^164Run No.
Nl-Cr-Al2O3 MoOs-AlaOs MoS2-A12OsCatalyst

9091

4-95-9Coke on Catalyst

5-6 1.92.7Gas, C1-C3

Yields, wt-%PRHB Charged

49 7270Product

0.70.5 no incr.

R^s 18 1115

8.57.4%H, R/5 1.0

54 5255Conversion

1.4 2

2855
1.501.50
544298550wtAvgNo

8.0 2.01.55-1.

596560 571595570Decomposition Temp ,

placedare

for definition

56.

C/H Ratio t

Mol

HBa 
i¥o

Peed:
Ha/HC

1-55

549

Pressure :
Temp :
msv:

PRHB
1.14
518

Selectivity for 0s

Selectivity for R/62, R/5a

Yields, wt-% Peed Charged 
Total Recovery

. Hydrocarbon Bolling above /52 
and below trlphenylene, RJ02,

aHlgh boiler and 15.8% partially reduced high boiler 
here for comparison

495 + 1O°C 
3.8-4'. 6 v/v/hr 

Run time: 120 mln.

bSee page 6

HYDROCRACKING OP 15-8% REDUCED HIGH BOILER

50 wt-% PRHB in p-xylene 
 (mole): 9-H

Liters Ha/g total feed: 1.5-1.7

Viscosity at 265°C, cp 10.7

°Cb
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CATALTTIC HYDROCRACKING OF

50 wt 0 PRHB in p-xylene

1?619520719719*191
No. 1205009090550121

*95*95*95*95*95*75
5.25.52.12.12.21.92.1

8*8285816*80
2.8 5.7*.l7.5*.*5.1

1.*5.12.11.4
665*5261
25245017202725

118.2
58405*

84957941*99195R03

2850-5800 palg
a

192

180 90

495

' 10-20 
total feed:

55
76

495

2.1

0.7

60

75

6.2
1.7

68

2.9

28

5.2

28
6.5

26

t »

Table 16
51.50 PARTIALLY REDUCED HIGH BOILER*

Copper chromite catalyst
Feed: r------ ----- ----- ------------

49 nickel catalyst at 255-C,

Duration of run, mln.

Temp.*C 
LHSV, hr"1

Yields, wt 0 feed charged
0 total recovery

0 coke on catalyst

0 gas. Ci, C«

Yields, Wt 0 PRHB charged

0 R0«, R0a

0 0H, R0

0 Conversion

0 Selectivity Cor R0a,

1.5-2.7

190

High Boiler reduced to
b The alxyl biphenyls and -terphenyls have

the ex-ent of 51.50 *Uh Olrdler 0- 
not been identified.

Press: 1000 pslg 
H»/HC(mole): 
Liters H«/g

’ZC

-

r L
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Table 17

YIELDS AND PROPERTIES OF 51-5% PARTIALLY REDUCED HIOH BOILER

i

196190 19520719* 197191192PRHBKBRun No.
6668565*60. 61 5269Yields, wt %

Carbon-to-hydro-
0.8620.8250.8750.8*0 0.9100.8120.821. AOgen ratio

No Ave
505281>05509505510550weight

& 1A.09.6 12.79.6 9.7
1.50® 1.811.788.5* 1.571.5710.7

59959559*

in centipoise

for definition

♦

» I.LL

u

Mol

0.86
*

dk-br 
oil

Color and 
state blk 

sol id
blk 

sol id
dk br 
oil

gr-br 
oil

or-br 
oil

gr 
oil

gr-br 
oilgr-br 

oil
gr-br 
oil

560

M ........ HlW'WW

Viscosity at 
1OO*C,cb

Deconpos1tion 
Temp-» *Cb

* at 265*C, 
b

See page 6

2OO*C, cb
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Li

i
Ru n No.

11.01.0191
27.310.31.019^

-

L
II

and PRHB Hydrocracking

A comparison of the effect cf

variation in the

I

L
w

39.u

Inner Proton ol* thised
Ar^mati* System

(4) Compariacn of 
Processes

I

7.4

— "* ».ydrc*c rac k 1 ng nigh boiler reduced at
n^cJ’ac^^pr^ss^n PRH^gavc ^Z^nt i ^ly^he 

same coke and gas yields. The product fields appeal to decrease and 
conversion appears to Increase -1th an Increase in hydrogen content 
of the feed.

*
(hydrogen content of
15.0% FRHB feeds were «
chromite and hydrogen at 225 C

Aliphatic 
(total )

Tnere is some variation in the proixt properties, out this variation 
can be attributed m stly to ttie properties cf the s ’ art  r.g PRHr 
in each case. For example.’ ‘ he -arbor.-to-hydrngen ratio f f d 
material undergoes little cnange as a result cf the hydro*, ra. k Ing 
reaction. The xarge decrease In viscosity and molecular weight , 
however, supports the contention that hydrocracking of the high 
molecular weight partially hydrogenated polyphenyl molecules to 
lower molecular weight polyphenyl and alky1 polypheny1 molecules has 
occurred to a significant extent. * *

The product properties, however, became be*ter as the reduction level 
- ‘he feed material inreased. The 7 - and 

obtained by treat Ing high boiler with copper 
_. and 25CXJ-4OO0 pslg in an autoclave.

Nuclear magnetic resonance studies of product ^?d

shown for these samples are as follows:

Relat ive Number of Protons 
Other
Aromat ic

Jrusa*s

ratio also indicate the presence ot ai»cy lb 1 phenyl, alxyi ex phenyls, 
and other aikylpolyphenyls.

h
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Table 18

% Reduction 7 - M 15.8 51.5

6.2 6.8Wt % Hydrogen 9.2

Gas

26-4120-4435Conversion

R03Selectivity for R0z, 49-9335-90

HPRHB PRHB HPRHB

runs

40.

HYDROCRACKING OF PARTIALLY REDUCED HIGH BOILER WITH 
DIFFERENT HYDROGEN CONTENTS

370 
blk

375 
blk 

solid
blk 
solid

394-399
gr-br 
oil

61-85
15-57 

3.2-4.7

70-89
5.0-8.5
1.1-2.0

52-69
17-30

5.2-11

94
5.7
1.4

271-557
1.12-1.24
0.64-1^55

78-84
2.8-7.5
1.4-3.1

72
22
7.4

510 
0.82
8.5

355
1.28
2.4 
3.9C

582-443 
gr-br 

solid vis-oil

PRHB
544

1.26
cp 11.7 

5-1

67

HPRHBt> PRHB 

518 
1.14 
8.5 
4.0

Yields, Wt-jS Feed Charged 
~Total Recovery

Coke

Feed: Partially Reduced HB In 
-xylene (50 wt-0)

Copper Chromite Catalyst

369 
blk, 
vis. 
tar

Pressure, 1OOO pslg for 51.50PRHB 
t^iscoslty at 2OO*C In centistokes 

c15 wt-0 In Santowax-OMP 
d25 wt-0 In Santowax-OMP 

eThis analysis Includes materials boiling between biphenyl and tri- 
phenylene. The alkylbiphenyl and -terphenyls have not been Identified. 

fHydrocracked Partially Reduced High Boiler

509 
.812-.910 
1.50-1.78b

2.1d

Product Properties 

No. Avg. Mol. Wt. 
C/H Ratio 
Viscosity at 265°C, 
PCFT Value, mg 
Thermal Decomposition

Temp: 495 *C
Pressure: 1500 pslg
S.V.: 2.2 hr-*

Yields, Wt-0 PRHB 
Recovery (product) 
R/Ja, RZ>3e 
F0, 0H

Temperature, C 
Color and State



i

IIII

1.

Copper Chromite 
" i-

<95-525*C 
uutXX* pttig 
LH3V 1 .2- 5- 2

n-C-,1,

In an effort, to determine (1) 
hydrogenolysis or ring clea-age, 
reactions, hydrogenolysis of the

25 components on chromato
gram between and 
m,m,m-^5

. _4T~V» //) \x //
v ■’n^O, 1,5 

56-93561 liquid product
CA,Ca . coke 

1< + 0.5-1.956

Catalytic Hydrocracking of m,m#m-Quinquepnfcny.

The high yield of alkyIbipheny1 and alkyTterpnenyIs from catalytic 
hydrocracking of high boiler indicated that a hydrogenation-cracking 
reaction predominated over the hydro genci> s is reaj* Ion.

the extent of cuter versus inner ring 
a-d '2) the extent of the competing 
carbon-carbon bond between aromatic 

 1 rear ion, a 
subjected to hydrocracking.

rings and the hydroger at lor -'‘ru. king (ring cleavage 
model polypheny i, m,m ,m-quir , jepher.yl , was ted -- 7—
The conditions used wer6 slml lar tc * hose used tor high boiler hydro- 
cracking studies show’- by the equation

The 51.556 PRHB feed was obtained by treating HB with nickel catalyst 
and hydrogen at 233°C and 2850-3800 psig, also in an autoclave. de
duction levels of greater than 2056 could not be achieved with copper 
chromite catalyst so that it was necessary tc use nickel for the 
51.556 partially reduced high boiler. The use cf a different catalyst 
for the hydrogenation had no apparent effect on the product properties 
resulting from the hydrocracking step. Hydrogen content of the feed 
appears to be the prevailing factor that affects the final properties. 
The increased hydrogen content provides a greater number of saturated 
carbon-hydroger? bonds which are cracked more readily than the aromatic 
carbon-hydrogen bonds. Hence, product from hydrocrack^d 51.5% PRHB 
is less viscous and contains more hydrogen than product from hydro
cracked 7.4 or 15-856 PRHB. This is accomplished at the expense of 
obtaining lower yields. Ir all cases, the properties of the products 
are better tnan those of HB cr PRHB. These results indicate that there 
is no particular advantage in hydrocracking high boiler reduced to 
5056 or greater over 7 or 1556 PRHB since economic evaluations show that 
yields of 8056 or better are needed for an economic hydrocracking pro
cess. The greatest yields were obtained from the 7.4 and 15.8% PRHB 
feeds.



shown in Table 19.

C (S.v.

and 21?

ProtunsAromatic Proton'.

Standard sample

nydrv••r«'k*d sample * rust >s<on

Group Type

ct

4?.

Nuclear magnetic resonance studies cf samples 
gave the following data:

lb
2?
h 5

7.5
1.0
4.5

? • b
1.04
I .O

AlIphatIrRun No.

Ethylblpheny1*
211
212

The low curbon-hydrogtn ratios of' tt*e products (Table 19) strongly 
suggest the presence of *lkyIpolyphenylo. The chromatograms of the 
products reveal more than ?9 components tiu*ln», betwean biphenyl 
and m,m,m-qulr»Tiephen.y] .

Further In t erprx t a 11 on of reduFB 
run 211 gave the Fell* wing;

■_  ■ 1 expected for. p-xyler* hydroc racking, - This can
comparing the product re covered using p-xyiene feed 
with that of the Jlquld reccverrd using p-xyxene-m

from runs 211

The data for these runs ire shown Ir Table 20. The quantity of* ben
zene and toluene in the recovered liquid of ti*e experiments
was no more than that 
be seen by 
(Table 20 )

Ethyl «• >.»» a 1 
M< t hy 1 Ar- >n I 
A I I pha'« 1

tvldenre for a hydrogenatlon- 
yl*.ds, however, are 

Fro* these data it io difficult 
pt odtaced because of me cnanlcaa 

some benzene wuj formed from p-xylene hydro- 
Since p-xylene is used as a diluent in the hydrocracking 

two runs using, p-xyiene alone were mud< u ietermlne the 
amount of benzene and toluene produced.

Results of the rurs and some product properties are shown In Table 19. 
Conversions are high (85-96.9^) at the lower space velocities (1.5 
to 2.4 hr-1). There is little doubt concerning tt*e effect Ivenesr.
of this catalyst system. The product ts an -im! er-colored liquid while 
the starting material la a white solid. The presence of appreciable 
quantities of biphenyl, terphenyls, and product belling between 
biphenyl and m-terphenyl were noted at (S.V. « 1.2, run ?Od)
and 5?6*C (S.v, . 2.1, rur 212).

These data confix the presence ?t <iky-polypheny is ir hyd roc racked 
n»,m,m-XJ«. samples, and provides tdd! luni. 
cracking reaction. At. of trie aikyipolypheryx 
greater than the polypheny: yie^di. From these 
to determine the quantity of benzene 
looses and also because 
crackIng. 
process,



Table

51 g ^TT 212

*95 r<95 472Temp. •
3.* 2.41.3 2.1LHSV,

93.8 839* 8472.-y

6970 8691.5

0.471.9 0.791.5% Coke

0.9 1.02C»

85 7091 70

61.596.5 83*3.5 91.5Conversion

25.46.8211.3 9.3

27.45*.527.5 25

25.8 30.618.3 21.4 7.45

26.5 57.457.5 33.259.5

1.163 1.221.095 0.9721.215

26.7 *.52*1.7Viscosity at
1.064.5 2.332OO*C, 2.95Viscosity at C8

363382 232237 273WtMolAvgNo

423467 409 *73412

43.

*95

5.6

■EE
Run No.

208 g

t Gas > C j >

19 

HYDROCRACKING OF m, a ,in-QUINQUKPHENYL

Product Properties

C/H Ratio

Alkylpolyphenyls, R0-R04

Selectivity for /Ja,

Selectivity for Alkylpoly
phenyls R/J-R^a

Thermal Decomposition 
Temp • °C

Copper chroalte catalyst
Feed: 25 wt-^6 in

g-xylene

•c 
hr-1

Yields, -<t-4 feed

Product Recovery (b.p. 
p-xylene)

% Total Recovery

% Liquid Recovery (b.p. up 
to 140*C)

1OO*C, cs

Press.: 1OOO psig 
H-/HC(mole): 10 to 20
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Copper Chromite Catalyst

114Run Wo. r•c

120120

3590

0.5

1.4

58

4.0

1.5

52.5

% Conversion (to all 4226products)

44.

Table 20
hydrocracking OF 2-xylene

0.5

1.04

15.5
28 O

15.5
61 5

9-9
0.41

5.7

16

525

1.80
Tempenature, 

hr'1LHSV, 

Duration of run, mln.

% Total Recovery

0 Coke

ft Gas

% 2-Xylene Recovered

% Benzene

0 Toluene

% Rasldue>2-xylene

% Selectivity for 
hydrogenolysis (total)

% Selectivity for 0H
# Selectivity for /JCH>

P - 1OOO psig
H*/HC(mole) - 17-20

*95



or

com-

^5.

1

feed. versus 
loss .

However, from the lata, in estimate of the degree of end ring 
Inner ring reactions can be made assuming about a 1056 mechanical 
The low product recovery yields In runs 208, 211 and 212 

(LHfV 1.3 to 2.4 hr-1) indicate that 20 to 30% benzene should have been obtained, allowing for a 1O% loss. Conversion data bear this out. 
Assuming complete reaction and equal change for both outer and Inner ring 
reactions by hydrogenolysis, 10 g of should give about 7.2 g of
product. (8O< yield) belling above benzer..- and 1 .8 g of benzene (20% 
yield). Consecutive reactions could decrease tne product yields 
(b.p. >8O*C) and increase the benzene yields. Since the product re
covery yields range from 5>& to 70% In these runs, It would Indicate 
that reaction between end rings occurs to about the same extent as 
the reaction between inner rings. The total benzene yield in the 
p-xylene diluent, however, does not equal 20% even if the quantity 
produced from p-xylene was considered to be derived from m,m,m-0s. 
It therefore appears that end ring hydrogenolysis does not occur to 
any great extent. If one considers the yield expected in the case 
of a hydrogenation-cracking reaction only, somewhat different product 
yields (b. p.>benzene) can be obtained. For end versus inner ring 
reactions, benzene yields would be zero and alkylpolyphenyl yields 
would be about 75% (assuming complete reaction). For all combinations 
for this type of reaction (simultaneous and consecutive reactions), 
benzene and toluene yields would be about 20% and alkylpolyphenyl 
yields would be about 50%. A loss of about 12% is expected from 
fragmentation reactions. In any case, the maximum product yield 
(b.p.>toluene) that could be expected for a hydrogenation-cracking 
reaction is 75%. Since the actual benzene and toluene yields were 
no greater than is expected from the p-xylene diluent used with the 
m, m, m -Z>e, it appears that a hydrogenation-bracking reaction occurs 
mostly at the inner aromatic rings with a miner amount of end-ring- 
re act Ion (hydrogenolysis and hydrogenation-cracking).
Even If one assumes that the polyphenyls (Z1^, m-j63, m,m-X)<) result 
from hydrogenolysis of the carbon-carbon bond between aromatic rings, 
the data still indicate that the hydrogenation-hydrocracking reaction 
predominates over the hydrogenolysis reaction. It should be noted 
that the runs made at low space vexocity (run 208, LHSV, 1.3 hr x) 
high temperature (run 212, 526°C) gave abcut equal concentrations 
of polyphenyls and alkylpolyphenyls. Under the milder conditions, 
however, the alkylpolyphenyl yields are Increased over the poly
phenyl yields by a factor of 5 to IO. The more stringent conditions 
used in the fermer runs may be leading to hydrodealkylation (ref. 14). 
This result Und3 to magnify the extent of the hydrogenolysis reaction 
compared to the hydrogenation-cracking reaction. In summary, the 
data indicate (1) that the inner rings are attacked preferentially 
to the outer rings, and (2) that the predominant reaction occurring 
is partial hydrogenation of a ring to give a transitory diene 
structure which is subsequently cracked to an alkylpolyphenyl, 
(3) hydrogenolysis of the bonds between the aromatic rings is a 
peting but minor reaction, and (4) tne hydrogenolysis reaction occurs 
to a lesser degree under pressure than at atmospheric pressure
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Capsule Irradiation of Hydrocracked RHE and PRHB5.
r

11

-7 and

(b) When the hydrocracked samples are diluted In

L
46.

Molecular weights and polymer yields 
The 

there

From these limited data, 
few comments can be made.

r;
11

L

L,

L

r J J
L. I

iii

1

samples before and after Irradiations were determined.
Except for sample No. MRC-5, 

in the molecular weight in the samples exposed 
consistent with the Increase in polymer

reactor irradiation of these samples gave relative pol“ 
of 0.95 and 0.85. 1  -

(2 to 8

Samples MRC-5. -7 and -9 were obtained from hydrocracking 15-0% 
partially reduced high boiler. These samples contained 25, 20,

Several samples of hydrocracked high boiler have been irradiated In 
the Materials Testing Reactor, 
of the 1 
results are shown In Table 21. 
is little Increase 
to irradiation. This is not 
yield experienced upon irradiation.

HI
D

 These samples contained 25, 20, and 
25% alkylpolyphenyls (R£>2, R£)3), respectively. The relative polymer 
yield values for MRC-5 and -7 are 1.4o and 2.37- Santowax OMP 
solutions (50 wt-%) of these products gave low polymer yield values 
(0.81, 0.74, 0.84, 0.77, 0.72, 0.72) simllarto those obtained with 
the hydrocracked RHB-Santowax OMP samples, 
no general conclusions can be drawn, but a

(ref. 15). This means that a hydrocracking process using this 
catalyst system would produce a sizeable concentration of alkylpoly
phenyls. A great deal of evaluation would be needed to prove the 
usefulness of such a product mixture as reactor coolant.

(a) The results indicate that a limited concentra
tion of aikylpolyphenyls may be tolerated in coolant Intended for 
reactor use (neat samples with 10% Rj6z, R#s gave lower polymer yields 
tnan neat samples with 25% Rji2, RT3).

Santowax OMF, samples with the largest concentration of alkylpoly
phenyl gave slightly lower polymer yields. The polymer yields in 
these cases were lower than those obtained with Santowax OMP. The 
aikylpolyphenyls are either cracking to lower molecular weight 
species and/or they are inhibiting the terphenyl degradation by 
formation of allylic free radicals. Thus, a stna11 concentration of 
the alkylpclyphenyl may increase the ccrolant life.*

Samples MRC-1 and -J were obtained from the hydrocracking of ire- 
claimed high boiler (the high molecular weight fractions removed 
by the solvent treatment method (ref. 11)). These samples contained 
9-5 and 11% aikylpolyphenyls (r£>2, Rj^a), respectively. Nuclear 
reactor irradiation of these samples gave relative polymer yields 
of 0.95 and O.85. Solutions of these samples (50 wt-%) in Santowax 
OMP also gave similar polymer yields (O.89, 1.27, 0.91*, 0.91 for 
MRC-2 and -4, respectively). The gas yields for the neat samples 
are high in all cases (2 to 8 x Santowax CMP value).



-1* Santow ax-OKP

Sample 
No.

268 <8.7 520 71.1 0.95 2.5

56.92*5 268 0.85 *.657

265 5*557.1 l.*O70 7.

25* 2*5 95.5 8.72.57

25.6250 o 252 1.00 1.00

0.89
1.27

No.Avg. 
Mol.Wt.

1*.6
1*.6

11.*
11.*

5.5
5.5

No.Avg. 
Mol.Wt.

52.5
*O.*

27.9
27.9

0.72
0.72

0.9*
0.9*

0.81
0.7*

0.8*
0.77

0.85
0.55

0.58
1.65

0.90
0.69

7.8
7.8

5.7
5.7

Relative
Polymer
Yield

Relative 
Gas 
Yield

25.5
25.8

loet 
*.l

31.5
51.7

2*.9
25.2

O.96
0.79

After Irradiation 
Polymer 
Yiy

Before Irradiation 
Polymer” 
Yield

aHlgh dose
b5O wt-Jf in Santowax-OMP

I<a 7 J CL3 S=S g*—y vmmmv irr-'i

Table 21

2*5*C, Dose *.5 x IO* rads)Temp.
a

ri

CAPSULE IRRADIATION OF HYDROCRACKED HIGH BOILER 
(Materials Testing Reactor*
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Evaluation of Hydrocracked HB and PRHBa.

A greater yield of reclaimed product la possible.b.

c.

d.

• Some disadvantages of this process are•

The process will require a more extensive pilot plant study

d.

Erosion of catalyst may Introduce inorganic species and coke. 

*8.

Reduces terphenyl make-up costs by replacement of HB with 
polyphenyIs and alkylpolyphenyls.

b.
than a physical reclamation process.

c. 
physical reclamation processes 
dlstIllation.

Sor-je advantages of the catalytic hydrocracking process are: 

a. Lower molecular weight species are produced.

High molecular weight species and inorganic particulate 
matter greatly reduced In concentration resulting In a marked decrease 
in the PCFT value.

Possible production of saturated hydrocarbons in the hydro
cracking process. These might cause extensive coking on heated 
surfaces.

Products from the hydrocracking processes have been evaluated to 
determine their use as reactor coolant. Except for data on Irradia
tion stability, the Important properties aie listed In the tables of 
properties of hydrocracked HB and PRHB. TY.e evaluation data on 
hydrocracked high boiler are shown In Table 22 In summary form since 
this process Is the most economical of the hydrocracking processes. 
Included In this table are the data on reactor irradiation of the 
hydrocracked samples.

Cost evaluations show that It is not as economical as the 
solvent treatment or wlped-fllm

The molecular weight decrease, viscosity decrease, and thermal stability 
Increase could Justify consideration of a hydrocracking process to 
reclaim coolant. The radiolytic polymer yields are also encouraging. 
The extent to which a hydrocracked product is resistant to fouling will 
be important In evaluating the use of a hydrocracking process for 
reclamation. As with any reclamation process, the final worth of the 
process will be governed by economic factors. The cost calculations 
Indicate that the solvent treatment process is more economical than 
hydrocracking, even If 8u0 product yields are realized from the hydro
cracking process. Since the values could be In error by + the
hydrocracking process becomes questionable even for yields greater 
than 3o£.

a. Products will require more extensive evaluation because 
alkylpolyphenyl species are present.



22Table

CORE XI HIGH BOILERYIELDS AND PROPERTIES OF HYDROCRAC'

Rydroc racked HBHigh Boiler

61-85Yields,

550mol wtNo

1.7-5.910.7

4O5-*l*360*C
l.*O

PORT Value, mg

O.55-*.lRadiolytic Gas Yield

aJ0 wt-% in Santowax OMP

cRelatlve to Santowax OMP

*9.

avg 

Viscosity at 265*0, cp

1.32-1.29

3.3a

MTR Irrad
4.3 x 10*

 *  - - - - -  , These values are given
to Illustrate those expected From hydrocracked high boiler

l.O3a

O.55a

Radiolytic Polymer Yield0 

lation at 245*0, J 
rads

O.72-O.95a’b

bThese are hydrocracked reclaimed HB samples - high molecular 
weight fraction removed before cracking. *T“  . “ 

Thermal Decomposition, Temp, 

C/H Ratio
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B. PARTI Al. REDUCTION OF POLYPHENYLS

1. Introduct1on I
1
£
E

because,

I!

2.

L

1
1
I
1

5C-.

n**

>

D -

This work was of Interest because , In addition to lowering the vis
cosity, selective central ring hydrogenation would provide a "built-in" 
weak link in the polyphenyl molecule, and cracking to lower molecular 
weight compounds might proceed either external to or in the nuclear 
reactor.

Partial reduction of high boiler is also a method under consideration 
as a reclamation process. This method has the advantage over other 
methods because it is a one-step process, and the product can be 
obtained in quantitative yield.

Table 2? summarizes the part lai hydrogenation experiments carried out 
on the three terphenyl Isomers using Glrdler G-M9 nickel, Harshaw 
O^OO-P nickel, and 0-1.5 copper chromite catalysts. rhe data on 
m-terphenyl were previously reported {ref. 16/ as were the data using 
the Harshaw catalyst (ref. 17), but are Included here for overall 
comparison. The per cent reduction achieved In each case was calculated 
from tn* carbon-hydrogen analytical data. Vapor phase chrcmatography 
was then employed to detemine the weight per cent of each component 
in a given reduced sample. The components were then identified by 
trapping them in capillaries as they were eluted from the chromatographic 
column and analyzing by infrared and ultraviolet spectrophotometry. 
Comparison of the ultraviolet and Infrared spectra of the eluted com
ponent with that of three standards, 1,5-dlpheny1cyclohexane, l,M-dl- 
cyclohexylbenzene, and 1-methyl-(4-xenyl)cyclohexane, was also made to 
Identify components. In some cases, carbon-hydrogen elemental analyses 
of the eluted components were performed to help in the identification.

0

In our Third Annual Report (ref. 16), some model studies with 
m-terphenyl, hydrogenated to the extent of 28-57JI using both copper 
chromite and nickel catalysts, were reported. This wurk was done to 
determine the reason for the large viscosity decrease- exhibited by 
high boiler partially hydrogenated in the presence of copper chromite 
compared to the viscosity of KE partially nydrogenated in the presence 
of nickel catalyst. From the study results {composition and
viscosity data), it was conoiuj- : that time that the viscosity de
crease was due principally to p: -• u‘ti«?n of central ring hydrogenation 
of the Dolyphenyl by the copper -r.rv’te catalyst. The nickel was 
reported to promote random i-edcct •

To determine if the terphenyl isomers shew similar reduction paths 
when treated under similar conditions and to relate this work with 
partially reduced high belief, o-terpnenyi and p-terphenyl were studied 
in addition to m-terphenyl. The results of this work are given below.

Partial Catalytic Hydrogenation of Tne Terphenyl Isomers to 
Determine the Reaction rat ns

s
I
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Table 25

PARTIAL HYEftOOXNATIOM OT O-, ■

c-Terphenyl ■-TerphenylCompound

Catalyst 05 OOP

620762O>-1, 6204 6206 *7*5-1 *727 6206Sample Mo. 2 1577*

26} 260 260280 260225 250195 275 295270 270 290 255275
1*50 1580 1*00 15802500 2000 1500 2500 1550 1200 20002200 2500 2500 1500

1.75 0.2 0.5 0.5IO 0.2 0.05 5Time, Mrs. 2.2 2.75 0.03 11 0.2 0.50.7
vr

90.6 92.6 91.691.8 89.990.7 91.5 90.591.9 91.592.2 90.3 90.7
8.68.0 6.99.6 7.8 8.6< H 7.5 3.-9.1 9.2 9.1 10.2 7.3

20.6 36.826 11.8 60.4♦4.1 •5.7 *4.451.5 57 25-0 17.7 33.1
38.2 *3.8 18.3 26 64.3Cal'd. from VPC« *4.4*7.7 33.3 39 15 23.3 40.5 33.3 12.3 21.9

• Vapor phase chromatographic analysla
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a• Results using Copper Chromite Catalyst
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product with 2.4% 1-phenyl-2-cyclohexylbenzene (outer ring reduced 
product), the only other possible product with a single ring reduced.

_‘J only one reduced sample is available for study, 
this sample happens tc be nearly 50% reduced and even at 

the preponderance of the center ring re-

Three reduced m-terpheny. samples a-e available for comparison. 
Sample No. 6203-1,2 ("educed to a level of 17-7%), 33-8% of 1,3- 
diphenyLcycLohexane v iddle ring reducej ) occurs together with 21.3% 
of 1-pheny 1-3-cyclohexyIberztne (outex -ing reduced). Per Sample 
25699 (28% reduced) these components <re present in percentages of 
53.*+% and 24.3**, respectively, while in Sample 1377A (5-^.5% reduced), 
the percentages are 56.6% and C%, respectively. Therefore, as 
reduction of m-terphenyi pro-.veds ir the presence of this catalyst, 
the ratio of middle ring reduced Iscmer tc end ring reduced Isomer 
Increases, becoming greater than 2 1.

With o-terphenyl.
However, 1 
this relatively high ivvel, 
duced isomer is striking.

It is also Interesting to note that ir. Sample 1377/, the most highly 
reduced of the three samples, 1,3-dlcyclohexylbenzene (both end ring

In the case of m-terphenyl, the ratio of inner ring to outer ring 
reduced product, is about 3:2 at 20% reduction, 2:1 at 28% reduction, 
and less than 2:1 at 51% reduction. This Iscmer therefore shows a 
decreased tendency toward central ring attack with copper chromite 
when compared with o-terphenyl. Reduction cf the p-terphenyl Isomer 
to a level of 33.3% gives a statistical product distribution and there
fore the reduction path is random.

As an additional check on the per cent reduction calculated using 
carbon-nydrogen data, the per cent reduction was computed on the 
basis of the weight distribution of the components in the sample. 
The per cent reduction obtained In this way usually agreed with the 
carbon-hydrogen value within experimental error. Tables 24, 25 and 
26 summarize the vapor phase chromatographic data. Figures 22 through 
36 (Appendix l) show the vapor phase chromatograms of each reduced 
Isomer with legends indicating operating conditions and structures 
assigned to each p«*ak.

In addition, in Samples 6203-1,2 and 25699, no Isomer with both end 
rings reduced appears and only the middle ring reduced and single end 
ring reduced isomers are present together with unreacted m-terphenyl. 
This is strong evidence that the reduction of m-terphenyl in rhe 
presence of copper cnromlte at low levels proceeds selectively toward 
the center ring.

From the data in Tables 24, 25 and 26, it seems apoarent that the de
gree of central ring selective reduction effected with copper chromite 
catalyst is in the order ortho?meta>para. In the case of the o-terphenyl 
reduced to a level of 44% with G-13 copper chromite, 68.5% of 1,2- 
diphenylcycl->hexane (middle ring reduced product) appears in the
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30*1630*25Sample No.

Nickel (0-*9)Catalyst

*5.7**.l% Hydrogenation

Components, Area-%

1*.*0.*o-Tercyclohexyl

2.72.51,2-Dicyclohexylbenxene

15-618.9l-Cyclohexyl-2-phenylcyclohexane

10.82.*1-Phenyl-2-cyclohexylbenzene

*.* 5-5Unas signed

*0.868.51,2-Dlpheny1cyclohexane

2.8 10.2o-Terphenyl

Table 2* 

COMPOSITION OF PARTIALLY HYDROGENATED o-TERPHENYL

C 1

Copper Chromite 
(0-13)
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Table 2$

COMPOSITION OF PARTIALLY HYDROGENATED m-TER PHENYL

050OP0-15Catalyst

6206 47*5-16204 6207256996205-1,2 1577ASample No.

56.811.820.6% Hydrogenation 25.05751-5

Component, area-4

1.615.a 0.717.0m-Tercyclohexyl

5.62.84.455.0 7.0

46.829.824.5 29.250.2 20.921.5

8.06.8 50.456.6 8.555.8 55.4 22.0

8.48.5 *.75.9

45.665.021.4 15.157.521.2m-Terphenyl

l-Phenyl-5-cyclo- 
hexylbenzene

1,5-Dlcyclohexyl- 
benzene

1,5-Dlphenylcyclo- hexane
l-Phenyl-5-cyclo- 
hexyleyclohexane

0-49

50405

—

17.0
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In sample 4721. 
assumpt ions,

L

(55.5£ reduced), wltn no necessity for making similar 
the reduction appears to go In a random fashion.

reduced) appears and comprises 550t of the sample, 
of the central ring i 
value In Sample 25©99. Indicating little attack on this compound, 
the same time, the single end ring reduced Isomer is absent, f 
been reduced to the dicyclohexylbenzene isomer. Therefore, 
pears that under these reduction conditions, f * 
adsorbs m-terphenyl while it is present and reduces the central ring. 
Then, as the concentration of terphenyl nears zero, adsorption of 
the single end ring reduced Isomer (cyclohexylbiphenyl) is preferred 
(over the benzer»e derivatives) and attack on this Isomer Is limited 
to end ring reduction.

Preferential adsorption of the polynuclear aromatic species in the 
m-terphenyl work appears to follow the order m-terphenyl/l-phenyl-5- 
cyclohexjlbenzene^l,5-dlphenyIcyclohexane.

Figure IO depicts the change In concentration of meta-terphenyl and 
two of the partially reduced compounds wltn change In per cent 
hydrogenation. The initial reduction of terphenyl and the biphenyl 
derivative is illustrated.

The conclusions to be drawn from the data, therefore, are that the 
reduction of p-terpheny, witn copper ^hromlte proceeds either by a 
random or outer ring path but not by selective attack on the central 
ring.

Similar to the m-terphenyl Isomer, as the reduction level Increases, 
the p-terphenyl concentration decreases, single and two-ring reduced 
product concentration decreases, but no p-tercyclohexy1 appears In 
the product mixture. This Indicates that the terphenyl molecyle is 
more readily hydrogenated than the biphenyl or benzene intermediates.

Th* concentration 
reduced product is virtually unchanged from Its 

-----  At 
having 

Therefore, it ap- 
the catalyst selectively

Para-terphenyl, reduced tc tne same Level as the ortho compound (44.4%), 
shows only 4.0% 1,4-dlphenyxcyclohexane and 59-0% 1-phenyl-4-cyclo
ne xylbenzene (outer ring reduced), but 25% of 1-pheny1-4-cyclohexyl- 
cyclohexane (cuter and Inner ring reduced). With the p-lsomer, two 
possible conclusions may be drawn. If It is assumed tnat all the 
1-pheny j.-*»-cyclohexylcyclohexane (cuter and Inner ring reduced product, 
25.2%} arises from 1,4-diphenylcyclohexane (middle ring reduced 
product, 4.0%), then the ra* lo of the products with the outer ring 
reduced to those of inner ring reduced is about 2-1. This ratio would 
indicate that the reduction gees In a statistical manner with no 
outer or inner selectivity. Or the ether hand. It may also be 
possible that 1-pheny1-«-cyc*ohexylcyclohexane (outer and Inner ring 
reduced product) arises from hydrogenation ol 1-phcnyl-4-cyclohexyl- 
benzene (outer ring reduced, 59%). In this event, very little of the 
central ring reduction product (!.,*»-dlphenyl-^yclch.exsne) Is ever 
present and the reduction pro-eeds with selectivity toward the outer 
ring.
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Table 26

COMPOSITION OP PARTIALLY HYDROGENATED p-TERPHENYL

0-49 0500P0-13Catalyst

6205620630417304284724Sample No.

60.4 33.144.4 17.733.3% Hydrogenation

22.8

47.59.6

25.211

4.824 3.3

65.859.0

63-2 21.010p-Terphenyl

L 1 t L t *-

vn 
cr\

Components, area-% 

p-Tercyclohexyl

1,4-Dlcyclohexylbenzene

l-Phenyl-4-cyclohexyl- 
cyclohexane

1,4-Diphenylcyclohexane

l-Phenyl-4-cyclohexyl
benzene

i

I

I

-

i



*

£
a

•»-TerphenylO

*

O

O

702010

< Hydrogen*tion

Figure 10.

1 
x>

Mt < Component v* < Hydrogenation

57.

1-Fheny1-5-cyclo- 
hexylbenzene

1,>-dlph*nylcyclo- 
hexane

_A_
60

_A_ *O

% %%i*%I**
> ti_____k

50

%\ tS

T
T

1

T
T

T
8

3

o
8

^•
V 8

‘1

oo
 o

o

W
ei

gh
t Pe

r ce
nt

 Co
m

po
ne

nt

8

•*o 
o

*>
 o

o

w
m

e-
‘



W

9

b.

Summaryc.

HYDROGEN ATI 0*4 PATH OP o- .

N1 c keTIsomtr

The reaction path for the «M8

58.

Ortho-terphenyl
Meta-terphenyl
Para-te rpheny1

Center ring
Center ring
Randcm or outer ring

Center ring
Outer ring
Outer ring

Tabie 27
m-, AND p-TERPHENYL FOR ONE-RING SATURATION

Catalyst
Copper dhrom1te

  and electronic
The exceptionally strong tendency for the center ring of

Initial saturation of one-ring of each 
isomer may be explained by a consideration of st eric 
factors. '

Results using Nickel Catalyst

Reduction of the terphenyl Isomers with nickel catalyst gave products 
that showed marked differences In composition compared to the copper 
chromite work. Only In the o-terphenyl reduction with nickel does 
the central ring reduced component predominate. This compound, 1,2- 
dlphenyIcyc 1 ohexane, comprises 4o.8j6 of this reduced sample with other 
partially reduced components varying from 5 to 16 weight per cent. 
The nickel catalyst with m-terphenyi gives a preponderance of the 
outer ring reduced Isomers for reduction levels of 11 and 2*%, but as 
the m-terphenyl concentration approaches zero and the reduction level 
Increases, the product composition becomes statistical. Product 
distribution obtained when p-terphenyl Is reduced In the presence of 
Glrdler nickel to a 600 level Is preponderantly In favor of outer 
ring reduction. In fact, 74% of the sample Is accounted for by two 
compounds. 1,4-dicyclohexylbenzene (2 outer rings reduced) and 
l-phenyl-4-cyclohexylbenzene (outer ring reduced).

With Harshaw nickel catalyst. Sample No. 6205 and 6206, the results 
are even more dramatic. At 5 5% reduction, ol the sample has been
converted to 1-phenyl-4-eye lohexy* benzene (c-ter ring reduced) with 
only minor quantities (1-5%) of each of int other reduced components 
present. Therefore, the order tf selectivity for outer ring attack 
Is para>meta>ortho for nickel catalyst.

Table 27 sums up the results cf these ->t -dies In terms of the rela
tive tendencies of e-tch Isomer to undergo cuter, central or random 
ring reduction with nkkel and copper chromite catalysts, under the 
conditions described. Ihe copper chromite results are almlUr to 
those reported (ref. 18) using platinum oxldt catalyst a* room 
temperature and 74 pslg.

From the data. It Is difficult to determine whether the biphenyl In
termediates are reduced In preference to the benzene derivatives 
as in the case of m-terphenyl.
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The viscosity of the p-terphenyl

59-

Figure 13 gives the viscosity-temperature relationship for the 
p-terphenyl hydrogenated mixture. 

It was
16) that the viscosity of m-terphenyl partially 

in the presence of copper chromite was considerably lower over 
than the viscosity of the nickel reduced 

The same phenomenon Is observed with the
In both the

vova» y° v , the compound 
derivative (central ring 
the concentration of this

and meta- samples is decreased by 
Correspond1 ng ly,

The totally hydrogenated isomers have viscosities greater than those 
of the partially hydrogenated Isomers. Therefore, the presence of 
tercyclohexyls tends to Increase the viscosities of the reduced sam
ples .

Relationship or Viscosity to the Composition of Partially 
Hydrogenated Terpheny1 Isomers

The product distributions obtained in these partially reduced terphenyl 
Isomers bring about Interesting changes In the viscosities. It was 
noted previously (ref. 
reduced 1 
a wide temperature range 
product (see Figure 11). The same 
o-terphenyl reduction products as shown in Figure 12. 
ortho- and meta- cases w’th copper onromlte catalyse- 
predominating Is the diphenyIcyclone/ane 
reduced product). With nlckei catalyst, 
compound in t he hydrogenated ortho - 
28 and 52 per cent, respectively. Correspondingly, tnere are in
creases in the concentrat Ion of totally reducea terphenyl (3 rings 
reduced) from 0.4 to 14 . 4% in the ortho Isomer and 0 to 17-0^ in 
the meta Isomer.

o-terphenyl to be reduced first may be explained by the restriction 
of rotational freedom at the carbon-carbon bonds between phenyl 
groups. This may cause the center ring to be selectively adsorbed on 
the catalyst. In the case of the meta Isomer, the rotational re
striction decreases so that the selective reduction of the center 
ring Is less pronounced than with o-terphenyl. The rings of the 
p-terphenyl Isomer have essentially complete rotational freedom and 
selectivity for center ring attack disappears. In addition, a 
stronger contribution of polar excited states (resonance) is expected 
with p-terphenyl than with o- or m-terphenyl. The p-lsomer can more 
readily achieve >-rlng resonance, leaving charge centers on the 
terminal rings. The m-lsomer can only achieve 2-rlng resonance leavlrg 
charge centers on the center ring and outer ring. The o-lsomer could 
achieve 3-rlng resonance but the sterlc requirements for this may not 
be satisfied and therefore 2-ring resonance would be most probable. 
Ultraviolet absorption studies of polyphenyl Isomers by Q. Forrest 
Woods (ref. 19) show that o-lsomers exhibit an absorption shift which 
Is attributed to a hindered biphenyl absorption. No absorption due 
to 3-rlng resonance wac found. In all cases, however, there will be 
a certain amount amount of attack on adjacent rings which are not 
favored. The result with nickel can be explained In the same way, 
except that the reaction rates will be Increased considerably. There 
Is a definite stepwise attack on a single ring probably followed by 
desorption and readsorption.
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The resultant viscosity of a given mixture will therefore depend on 
the relative amounts of components with a single (not necessarily 
central) ring reduced to components with two or three adjoining rings 
reduced.

Electron and MTR Irradiation of Fart tally Reduced High
Boiler

The chromatograms of the Irradiated 
(X* wt-< PRHB in OHP', however, did not stu w 
of components after exposure tc irradiation, 
as an Inhibitor in this system.

Several partially reduced samples of high boiler were subjected to 
electron irradiation at *OO*C using the Van de Graaff electron 
accelerator at our Dayton Laboratories. Raw data for the electron irradia
tions were given in our Third Annual Report (ref. 20).

product arising from tlie copper chromite reduction is slightly lower 
than that for the nickel reduction. The small difference can be 
explained on the basis of the composition of each mixture. Assuming 
that the viscosity of 1-phenyl-4-cyclohexylcyclohexane and p-tercyclo- 
hexyl are nearly equivalent, then a large excess of single ring reduced 
product from copper is expected to lead to a viscosity decrease similar 
to that experienced with o- and m-terphenyl. However, the large con
centration of 1,4-dlcyclohexylbenzene (*»7>, two outer rings reduced) 
in the nickel mixture prpbably has the same effect of one-ring reduced 
product, and the viscosities of the copper and nickel products tend 
to approach each other.

The relative polymer yields of the PRHB solutions in Santowax OHP 
/ary between 0.17 to 0.67. A trend seems to be exhibited by the PRHB 
samples: the relative polymer yield decreases as the per cent 
hydrogenation increases. The gas yields were Increased A to 16-fold 
over m-terphenyl.

To determine whether or not radiation-Ind j<?ed cracking of the irradiated 
partially reduced HB samples occurred, some irradiated samples were 
subjected to gas phase chromatographic analysis. This analysis showed 
that radiation-induced cracking of the reduced rings to materials 
boiling in the terphenyl range occurred with the PRHB neat samples 
reduced to levels of 11 to 6*^. No difference in the number of com
ponents was noted on the enre ?»8tcgram» of irradiated sameles which 
were reduced by copper chromite or nickel catalysts (lM18k and 
14186. respectively) to about the same level.

FRHB-Santowax OHP samples 
did no* Bh<w an increase in the number 

The PRHB may be acting

Relative radiolytic polymer and gac yields were calculated for these 
samples. The results are given in Table 28.
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Table 26

Before
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0.3*>6.2 3.2520
26 0.2090.5500 50212
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Experimental:3.

(Eastman reagent)

65.

1

Terphenyl Redactions

All reductions were performed In a 500 ml Aminco rockingautoclave. 
In a typical experiment, 25 grams of the terphenyl i ‘

575
330
571

350-370
366

<•>
copper chromite 
copper ctrumlte 
copper ®nroaite
nlcae i

Core II HB 
25231A-1 
2QC*OC 
5018* A ( ) 
3O168D

In addition to the vapor phase chromatograms, these data indicate that 
radiation-induced cracking has occurred to a significant extent In the 
highly reduced samples (55 and FRHB). No Increase In polymer 
was obtained when these neat samples were exposed to irradiation. In 
fact, In these two samples, a decrease In polymer yield resulted In 
contrast to HB and the PRHB samples containing lean hydrogen. All 
samples appear to have undergone radiation-induced cracking including 
the Core I HB sample.

In addition, the low radiolytic relative polymer yield of the PRHB- 
Santowax OMP systems Indicate tha* PRHB behaves as an inhibitor in 
the PRHB-Sar.towax OMF system. This inhibitor effect may have resulted 
from hydrogenated rings o* the polypnenyl system which act at. hydrogen 
donors suppressing terphenyl dimerization and noLymer1 cat ion. The 
partially reduced polyphenyl molecule may itself be stabilized by 
formation of benzylie-type free radicals.

at which decomposition rateTempera* jure is 1 m- e per cent/hour

From the data ir Table 29 it appears * ha » ne *herwal decomposition 
temperatures of par*laxly reduced samples are slightly Lower tnan that 
of starting high boiler. However, these differences are probably 
not significantly greater than the precision of the method used. 
Therefore, partial hydrogenation does not materially change the ther
mal stability of high boiler as measured in the isoteniscope.

f.

1
L

cCat aiyst.
«

Sample No.

1

Per Cent
Re duct i

Thermal Decomp.
Terne . , 3C*

Thermal Stability of Partially Reduced High Boiler

Samples of partially reduced high boiler were evaluated lor therr.a 
stability In the high temperature Isoteniscope.

Table 29 lists a few thermal stability determinations.
Table 29

THERMAL STABILlTi OF PARTIALLY REDUCED HIGH BOILER

ift'' J

^3
i

' 5
ill

9 '

»—
 y,

»—
 'D

O
C

r a
oc

h‘0

r-i



No

I

PRODUCT EVALUATION17.

A. POLYMER YIELDDETERMINATION

I

t

B. PYROLYTIC CAPSULE FOUI1NJ DATA

66.

filtered to remove 
In a rotary evaporator.
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L.eek is designed
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t ibt 
uum

In this report (partleu- 
Table J] lists all PORT

I. II. and ILIA high 
data obtained on those 

partial reduction, 
Some of these data

felt that a summation in

Although some PCFT data are given elsewhere 
larly in the solvent distribution section^, 
values obtained in this laboratory on Core 
boiler and spent coolant samples, as well as 
samples which have been reclaimed by hydrocracking,
solvent distribution, and wiped film distillation, 
have been previously reported, but it is 
a single report would be helpful.

was charged to the autoclave together with 2.5 grams of catalyst, 
solvent was employed in any of the reductions. The bomb was then 
closed, flushed thoroughly with nitrogen,- followed by hydrogen and 
then pressurized to a few hundred pounds below the desired reduction 
pressure. The bomb was then heated without shaking to the desired 
reaction temperature. Shaking was then started and the degree of 
reduction followed by the pressure drop in the system. When the 
calculated pressure drop had been achieved, the shaker and heaters 
were turned off and the bomb was allowed to cool tc room temperature 
before opening. When the bomb was opened, the contents were melted 
on a steam plate ( if sol i) and rinsed out wivh tenzene. The benzene 
solution was filtered to remove cataxyat and then the benzene was 
removed Ln a rotary evaporator. Subsequent analyses of the product 
were then performed.

* he
1s ma 1n*

a dep* h
! .id is jstd

<_•! • ht . ump it-
mm Hp . The 
k‘ th. • rd of a ran.

pr- . and * h ’ ibe wiped clean
firs’ ' »nd lilv >’> vacuum crease. The

the** :• «e Igfa-d p irately to obtain 
The f < .bwing (Table ,5C‘? gives

ba Lan c 'trained and ri preduclbl1ity

The microdistillation tube for use in determining polymer yield of 
irradiated and unirradiated reclaimed cool ar * samples is shown in 
Figure 14. The empty distilling tube is weighed accurately on an 
analytical balance and then is loaded with about one gram of sample 
and reweighed. The receiver is also accurately wtLghed. The tube, 
cap, and receiver are then asst mb4ed, «. unnec‘.d to » vacuum manifold 
and evacuated to 0.1 mm Hg at rov«m temperature . The d 1st tiling tube 
is then lowered gradually into one <. t the weJs ir * specially 
machined heated aluminum r ’ vek which is m.-.in» uim.d at 2t‘C°C. 
tube Is finally immersed in tn. w«-1 ’ a depth vf Q" { ip t< 
off side arm). Dow-Corn Ing silt ont I .Id Is used us heat 
me Hum around the tube. Distiilat! r .t ‘ h< ..umr :* 1 _> then 
out for two hours at 200 C »nd 0-05*0.1 
to accommodate f -u” samp es at a ♦ im- . 
system Is brought to atm spheric 
of silicon oil (acetone wash 
distilling tube and receiver art 
polymer and distillate weights 
typical data shewing materia: 
of runs.



Table 30

TYPICAL COOLANT SAMPLESPOLYE'EP. YIELD DATA ON

< Loss
Sample No. 0.05
MRC-2-17^ 0.6533.966.71.2095«

0.533.26?.31.0264MRC-9-184 0.131.168.80.992^rt

0.123.21.0409MRC-6-177 0.1523-20.9166n

1.831.267.00.5667MRC-12-181 0.2565.70.9502tt

0.930.169.00.7960MRC-9-185 0.833. *65.81.1459n

0.323.50.8631MRC-8-183 0.524.10.8100N

67.

Sample Size
1.1996

$ Distillate
69.O

76.2
75-6

76.7
86.6

% Polymer (Polymer Yield!
30.9
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MMB 
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Rydrocrecked FRHF (B< 
HCPRKB (Rur. Ho. 179) 
HCFRKB (Run No. 1S2) 
HCFRKB (R»m He. 197) 
KCFRSm (Run Ro. 165) 
HCFRKB (Run HO. 169/ 
~rMHB (Run No. 183) 
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Core III * KF 
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Cor* II htcUletd Mini. B»tler (RMB) 
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68.

f - KB r*duc*4 to **t*nt of 51.5< eltn rlnkal oatalyet at 2>3'C. 
2850-3800 FSIOj Ovllt* filter aid uaad In reco-ery pro****

t—nm------------------------------------------------
a - fanxene solution oT KB mt*r*d tnroupn Oallta. B»ni*n* tn*n raaorad 

by dlattllatlon.

• - MB reduoad to **t*nt of 15.8* with copper cKrcml ve1 Calite filter aid 
uaad in r»eov*ry rrooeee.

e - KlRh boiler fl ret reclaiaad by Anlwant di*trtbutton follow** by hydrucraeMln*.

PRMB 1* Core 11 MB reduead to extent of 8.9* altr eupper rftroalt* eatalyatf 
Calite filter aid uaad In recovery prooaaa.

b - mat 11 late or residue fro* wiped ft la distillation.
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distilling tube cup

1C/>O I

10/30 r

receiver
&

distilling tube

•»

e*

69.

vacuum ' connection

✓

JU

Figure 14. Mlcrodistlllatlcn apparatus for polymer (residue*) 
de t erminatIon.



CAPSULE IRRADIATION OF RECLAIMED COOLANT SAMPLESC.

ASH DETERMINATIOND

tsh obtained from a

c aipare
54 .

then

70.

made on 
level 
oo Lm’s 

glv» r

’ c t a I 
r a.

*Developed at our Dayton Laboratories under the supervision of 
Dr. William Scribner.

‘ 1000*0 ignition was in good agreement
indicating no 1<ss of metal during the 1OOO C 

This also indicated ♦hat the 75O"C ignition temperature

s macro (150 gram sample) technique 
14 ppm were obtained.

r irs we re
t <• drte rm I nr 

and reclaimed 
These irv

Emisslon spectrograph!c 
number of samples 
In CURE coolant 
with total ash.

Ashing Pructdurt? An empty 8 r. pxatlnum 
cleaned with potassium pyrosulfate ar.d dried 
weighed to t.ie nearest mlcr 'gram, 
about 4 grama of sample md i 
open crucible was then placed on 
(see Figure 15). 1
and electric heating tapes on. 
the tube at 10-12 liters pet minute, 
with a Bunsen burner. i  
(and oxidized), a Bunsen burner was 
and the burner flame was 
crucible was 
over

va.»4 and tctal ppm 
Indicates that, lictle,

the 
of Individual elements present 

end • c mpire total ppm metals 
in Title

ash
Th 1 •> 

isr< and rt-sists oxidation

In connection with the Standards and Advisory C •mmittee of the Organic 
Reactor Program, an ashing method (micro) was developed* to determine 
par*s per million ash In coolant, and reclaimed coolant samples.
Standard ruins with Santewax -nd add* d metal c-xideu, as well as Core II 
HE with added metal oxides, an gl**en in Table 55.

Several reclaimed coolant samples were irradiated In the Materials 
Testing Reactor under the supervision of the California Research 
Corporation. The relative radiolytic polymer yields were determined 
and these results are discussed in the appropriate sections of this 
report. The raw data for the Irradiations ai> given in Table 52.

Two runs on Santowax OMP using 
were made. Values of IO and

In general, the recovery for the 1OOO*C ignition was In good agreement 
with the 750*C Ignition, Indicating no loss of metal during the 1OOO C 
Ignition. This also indicated that the 75O“C Ignition temperature 
was adequate for complete Ignition of the <rganic material. This is 
the final ignition tempera*are that was used in subsequent ash analyses. 
Runs with added ferrocene show* d . *w r* v* /< ry because the ferrocene 
volatilized during * he evaporation and ignition process.

There in good agreement bt’wet.r the 
metal obtained by the ♦‘mission 3p*.* 
tf any. organic material remain* In t ne
at 75OeC.

;rucib_e which had been 
I in a desiccator was 

The cruclt le was then charged with
4 grams of samp*le and reweighed to the nearest microgram. The 

then placed on the platform of the combustion tube 
With the preheater furnace (A. H. Thomas, No. 5676-A) 

and a stream of oxygen flowing through 
, t he or jclble was heated cautiously 

After all the liquid sample had evaporated 
placed inder the combustion tube 

 in readied to full for ten mlnutts. The
then removed from the combustion tube and carefully flamed 

the Bunsen ourner to rem r/e xast traces of easily oxidized ma
terial. The crucible was then laid on its side on a platinum triangle



Table

CAPSUUK IRRADIATION Of KfCLATimD COOLANT SAHFLH5
(Material* Teetlny Reactor. Moir KB-5. Shuttle tube)

7.5133*-3NRC- 1

2** 1.133••3• 2

*.8176 91*•3- 2

25* 228 13-3*.3- 3

2.656*.l 252

*82*5 2.0. * 7.0

2*7<•3 22.3371- 5

2.82*b 60*.3- 6

25* 2.3*•3. 6 52

2*9 *03*•3 25.2• 7

HC^ 2*3- 8 *.3 gae lout

12.1- 8 *.3 2072"'2

2.656*.J> ■2*6- 9

1.6«1*.3 253- 9

11.82*9*.* 203-IO

1.6*12*7*.3.11

2*9 3-571*•3.12
66*.3 252-12

238*•3 50-13

7-82*8 139*.5-13

1
1

71.
MONSANTO RESEARCH CORPORATION •

ion________Volume 
■1/k, 3TPSample

No.

3-f
2.2

I

Tear 
*C » 5

2*7

Dome* 
IQ* rede

RSC (free 5* HB 
In Santowax-OHP)

RSC (From 5* HB 
In Santowax-CH?)

* Probable accuracy ♦ 25*
b Suplee 30 wt* in Santowax-OHP

® 20 in Santowax-CHF

d HC — txydrocarckedj RSC - reclaimed apent coolant* RHB - reclaimed high boiler

• Mix tux'*.- of samples 25699 (■-** reduced with Copper chromite) and 30*03
(a-*a reduced with nickel) and numbered 35928

Description

HC*1 wapi, 
run 138

Mca

HC*1 sample.
run 1

HC*1 sample, 
run 1*5

HC® sample, 
run 1*5®

HC*1 saaqple,
run l*5b

HC*1 sample.
run 172

HC*1 sample,
run 172®

HC*1 sample,
run 172®

HC*1 sample,
run 173

________ Oas Bvolutl
Press. In 
capsule, pel

sample, 
run 173®

HC*1 sample, 
run 173b

HC*1 sample.
run 175b

HC*1 saavle,.
run I75b

15-8* Fart la 11, 
reduced MB

Core II HBb

Core II RSC*1

Core II RSC*1



Table 32 (cont’d.)

Description
Core II RHE*1 246MRC-14 7-5 sampleno gas

2464.4 43 1.8* -15
4-3-18 249 101

2464.4 104-18 55
ro

-16 4.4 260 62Santowax-OMP 2.9
-16 4.3 256 62Santowax-OMP 2.9

4.3 246 41 1.6CRC-170 Sant owax-OMP
4-3-171 San t owax - OMP 222 Penetrator clog

-172 Santowax-OMP 5-3 not irradiated
4-3 249-173 Santowax-OMP Penetrator clog/

a
b
c 20 wt* In Santowax-OMP
d HC = hydrocracked; RSC - reclaimed spent coolant; RHB - reclaimed high boiler
e reduced with Copper chromite) and 50405

L £L V L

f

CAPSULE IRRADIATION OF RECLAIMED COOLANT SAMPLES (Materials Testing Reactor, Hole HB-5* Shuttle tube)

Temp 
°C + 5

Sample
No.

Dosea 
10® rads

Probable accuracy + 25*
Samples 50 wt* In Santowax-OMP 

Press.in 
capsule, psi

Gas Evolution
Volume 
ml/g, STP

Partially reduced® 
m-J0a

Core II RHBb
Partially reduced® 
m-03

Mixture of samples 25699 (m-03 reduced with Copper chromite) and 50405 
(m-03 reduced with nickel) and numbered 55928
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Table 73

MICRO ASH DCTERMUCATIOKS

Santowax Inly0 A 1

O A 2

80 36088 23211 A 1
3830117 309921 A 2

3583*1 97370 922 A 1

63 685* 93792 A 2

882863 3237 9129303 A 1

76 lOf82 95723 A 2

*338 923970A A 1

8258Duplicate (. 71A A 2

*18 ♦25OBI
b b378 • 3871 B 1
b b*1O •19Core II HB ♦ Fe«O.2 B 1

bbe b•>6*263 B 1

7928O5OA Core I Spent Coolant

*230*09A Core II Spent Coolant

2130**9 Core II Reclamed Spent Coolant

3225679A

1225679B

Core XI Reclamed High Boiler33*AOC 12

!

4

XXupllcate ( 

San to wax ♦ Metal Oxides

Core XI Reclamed Spent Coolant

Core XI Reclamed Spent Coolant (after PCFT)

ppa Ash 
Expected

Core XI irs Only

Core XI HB ♦ Ferrocene (*622 ppa Pe»O») >1000 
b

Sample
Nc.

% Recovered 
1OQO*C

aFerrocene also added
bMot calculated due to uncertainty of blank
cOxIdea of Fe, Ca, Mg, Mn, SI, Al, and Cu
^The average of these four results (26 ppa) was added to the * ppa oxides 

to determine the ppa ash expected.

PP«
Ash Recovered 

1000*C
„d22

raa*fl
22d

27d

(* 36 ppa FeaOs)
Core XI KB + Metal Oxides (* *1 ppa oxides0)

Duplicate

Santowax ♦ Ferrocene (*35* PP» Fe^O*)

Duplicate (••265 ppa Fe«Os)

Santowax ♦ Fe«Os (—5** ppa FeaOa ) 

*2 ppa FeaOa)
(*3211 ppa oxides6)

Duplicate (*50 ppa oxides0)

Santowax ♦ Metal Oxides* (* *312 ppa oxides6) 

*5 ppa oxides6)
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Table 3*

EMISSION SPECTROGRAPHIC AMAITSIS OF COOLANT ASH

256'?B>0*09* "28050*.»**OC3 B 13*20*13—Fl* Bo.
Cor* XX SCCora X SCCor* II KB*—ri*

<0.92-55-1515-*52-580-250100-3002-6 5-13Iron
6-188-2*7-21Calcluai

< 1<0.92-*<2<22-*3-8 2-51-*2-5Xacnealux
<2 < 22-5<32-5Mancan*a*

2-7*-11*-132-6 2-5 <8-2* 10-305-15x- Sllloco
0.7-20.5-1-52-*<3<212-36 . 2-*2-61-*2-5Alunlnua

<2 0.9<2<"2 <2*-128—2*11-3*<»Ooypor
< 2<2<3<2<2■1 etoal

3.1-12.3*.5-15.210-307-2917-5911-32129-39230-9111-35
123221*2*28-*36 7912*}8-*2572-82
1OOO100075ClOOO1OOO7501OOO1OOO1000

(1508)-obtained ualn< a aacro aothodPP«

I__

Santowax- OMF*

<2 

116-3*8

Cor* IX ESC 
(after FCFT)

- '

>0**9 .256•’’9*

Cor* XX RSC Cor* XI RSC

Total* FF* 

Aah, ppa (ran<*) 22-32 

Ignition T«ap.*C 1OOO

Santovax plus 
33 ppa natal 
oxidaa

Core IX KB Core II RHB 
plua 28 pp« 
sa*tal oxld*a

<4agent, pp*»
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FUNDAMENTAL COOLANT STUDIESV.

INTRODUCTIONA.

Research in this

Synthesis of alkylpolyphenyls.1.

2.

5.

4.

SYNTHESISB.

Synthetic Routes1.

76.

Determination of thermal and radiolytic stability of 
alkyIpolyphenyIs.

to provide information for use 
and to obtain fundamental

Synthesis and study of the thermal behavior of 1,5- 
dlphenylcyclohexadlene-1,5.

and the residue Ignited with a Meker burner at 75O°C for 1-1.5 hours 
or In a Lindberg muffle furnace at 1OOO°C for one hour. The crucible 
was then cooled In a desiccator and reweighed to the nearest micro
gram. Ash, expressed In ppm, was thus calculated as follows:

(mg of ash}(1 x 
g(sample V ppm ash

In* order to obtain pur*.- biphenyl and terphenyl de rivatives for 
thermal and radiolytic evaluation, a synthesis program to provide 
these compounds was undertaken. It has been Shawn (ref. 2a) that 
high boiler contains small quantities • f a.ky.p >.yi'htny Is and the 
present work shows that hydra*'racked re. : a Im* <3 high belter contains 
large proportions of alkylpo^yph^nyls. Since very little data exist 
on the thermal and radiolytic stability of part a.’.kylp* .lypheny 1 s, a 
program to obtain these data is of fundamenta_ Importance in evaluating 
hydrocracked high boiler for reuse as reactor co >lant. In addition, 
pclyphenyl dienes may be precursors to fouling films on reactor fuel 
plates so that two dienes were also synthesized for thermal and 
radiolytic study. All of these pure (96-. OOjP materials were made 
in varying amounts ranging from 5-100 grams.

area was undertaken 
in conjunction with the reclamation studies 
information with regard to terphenyl degradation and film formation. 
The scope of work in this area Included the following:

The compounds prepared and the synthetic route employed for each 
are shown below. The amount and purity are also given. Experimental 
details are given in Appendix II.

Thermal decomposition rate of* biphenyl.

—
Ji

M
l

&
*

__
__

__



4—Ethyl Biphenyl (ref. 22)a.

4 + + 4h2O4■>+ ?5NH2NH2

c2h5

Purity: >99%Total

Methyl-m-terphenyl (ref. 2^,24,2^)b.

O
CH3

I

CH3
Br

I'

II

Purity: 96-98%80 grainsTotal amount synthesized:

23,24,25)-Ethyl-m-terphenyl (ref.c.

C2Hs

p-CymeneIBr C2H5

96%Total 5 gramsamount synthesized:

1
77.

c-ch3
•f

o Ci.H5
Pd/C(1) Mg,

(2) H+,

ID Mg, ether
(2) H+, -H2O

Diethylene Glycol 
140-200 °C

CH3
Pd/C 

p-Cymene1^

ether^ 
-H20

amount synthesized: 11O grams

*■
1



■MMKtMl

o I

23, 24,25,26)4-Methyl-p-terpheny1 (ref.d.

O

I

ch3 I’

ch3ch3

ch3
Purity: >99%Total amount synthesized: 50 grams

. 27 )1,3-Diphenyleyelohexaaiene-1,3 ;e .

O

1

MgBr

Total amount synthesized: 85 grams Purity: 95%

27,28)1-(4-Xenyl)-3-phenylcyelohexadienr-1,3 (ref.f.

O

+ I

Br II
I

Purity: >90%Total amount synthesized: 70 grams

.78.

Cl
Cl

ether 
--

-HzC

OI! ------ >
-HzO 

OH

Cl
Cl

(1) Mg,

(2) H+,

(1) Mg, ether
(2) NH4C1, HzO

(1) Ether
(2) H*. -HzO



10.41
11.42

12.91
14.61
12.75
11.75
17.61
16.95

0.145-Methy1-m-terphenyl

4-Met hyl-p-terphenyl 0.20

0.001,5- Dlpher.y Icyclohexa- 
dlene-1,5

1.65
2.55
0.92
O.97
4.92
5.71

0.85
0.66
0.15
0.10
4.05
2.49

21.250.76 2O.x?0.500.00

Irradiation resulting in indur Ing

79.

m-Terphenyl 
a Duplicate determinations are given 
bA leak developed In the system 
valid values.

THERMAL- STABILITY OF SOME POLYPHENYL DERIVATIVESC.

THERMAL DECOMPOSITION TEMPERATURES OF POLYPHENYL DERIVATIVES

Compound

478

RADIOLYTIC STABILITY OF SOME POLYPHENYL DERIVATIVESD.

Table

b

4- Ethylbiphenyl
5- Methyl-m-terphenyl
5-Ethyl-m-terphenyl
4-Methyl-p-terphenyl
1,5-Dlphenylcyclohexadlene-1,5 
p-terphenyl

Sample
4-Ethylblpheny1

Total
18.81..

(90.75)

ELECTRON RADIOLYSIS OF BIPHENYL AND TERPHENYL DERIVA
TIVES (4CO°C, L_ 

Blank £
Residue

0.10

20 Mev electrons, 20 watt/hr/g)
_______ slticna 

Volatile' Residue
15.40 
22.55

Temperature at which decomposition rate 
Is 1 mole per cent per hour

Several samples were subjected to electron Irradiation using the 
Van de GraafF electron accelerator at our Dayton Laboratories. 
36 summarizes data obtained in three radiolytic experiments.

Table 56

451
466
416
457

Thermal Decompo- # 
sltlon. Temp., °C

Gas
5.28 . 

(68.54 )b

Five compounds were evaluated for thermal stability in the high tem
perature Isoteniscope. Table 55 lists decomposition temperatures.

Table 55

Decompo
IT

0.15
0.04

• 
• 

• 
• 

H
O coo

 
H

 H 
H



m-Terpheny1
3- Methyl-»-terphenyl
4- Methy1-p-terphenyl
4-Ethylbiphenyl
1,3-Diphenylcyclohexadlene-1,5

1.00
2.75
1-254.31
5.68

E. THERMAL BEHAVIOR OP 1,3-DlPHENYLCYCU FEXADIENE-1,3

80.

A study of the thermal behavior of this diene to de’ermine the extent 
or the aromatization and/or the polymerization reaction was initiated. 
It is believed that this study could provide Information or the role 
of dienes in film formation (fouling) and terpneriyl polymerization. 
Initially, the diene was subjected tv thermal treatment between 200 
and 4oo*C for up to 90 hours to determine the quantity of hydrogen 
(via aromatization) and/or polyme- prcduced. Results of the analyses 
are incomplete, tut up to 3OO*C. nu gas was evc.vfd. Traces cf 
methane, ethane, and hydrogen were found after • «~eatment for 7 hours 
at 35O*C. In all cases (except run No. 1, Table 58), the samples 
turned from a yellow-colored material to pale yellow or white. The 
diene from run 1 turned dark yellow.

Table 37

Sample

Table 37 summarizes the electron irradiation data expressed in 
relative gas and polymer yields.

Relative 
Gas 

Yield

Relatlve
Polymer
Yield

RELATIVE GAS AND POLYMER YIELDS OBTAINED WITH THE 
Van de Graaff ACCELERATOR

20 watt-hr/gram)

Relative gas yield Is defined as the ratio of gas produced on Irradia
tion of the compound to that produced on Irradiation of m-terphenyl 
under the same conditions. Relative polymer yield is defined as the 
ratio of the polymer produced on Irradiation of the compound to 
that obtained on Irradiation of m-terphenyl.

(4OO*C, 2 Mev electrons.

The polymer yields are obtained by distillation at 2OO*C/O.O5-O-IO mm 
Hg for 2 hours.

oo
cc

 - 
• • 

• • 
• Q



Table 58

THERMAL TREATMENT OP 1,5-DIPHENYLCYCLOHEXADIENE-l,5

0,92.*156>99A 2001
o»90.752502 B
Oa45.032503 C

45.83J* 250D

45.83500E5
45.856 500F
7.005507 G

gas leak400 7.008 H

36599E gave the following:

Area, jLComponent

7.57.51
5.48.02

22.88.75
6.89.74

59.614.0

1 Infrared and

1
A chromatogram of the diene at 26O*C

i
81.

(Static Tests in Pyrex Tubes)
4.5 x IO-3 moles diene

Time 
hr

Gas Compo
sition

CH<
CaH«
Ha, Oa

Sample
No.

I *

Run
No.

Temp
•c

Moles Gas
Evolved

1.2 x 10”*

Retention
Time

5 x IO”5

5 x 1O“S
9 x IO”5

Gas chromatographic analysis of Sample No.  
(6 ft lOjt XE-6O on dlatoport at 215*0, 60 psi)

m-terphenyl

The smaller number of components present on the chromatogram indi
cates that pyrolysis of the diene is not extensive. Infrared and 
ultraviolet spectra of the eluted peak No. 5 indicated biphenyl. No 
diene was found and the other components were not identified. The 
quantity ofm-terphenyl produced in the chromatographic procedure is 
not known. A chromatogram of the diene at 260C on an Apiezon column



THERMAL DECOMPOSITION OF BIPHENYL-RATE STUDIESE.

The results of

Results1.

for biphenyl remaining (unreacted)

(1)

time t

(2)dx to dtkCx *

(5)+ C

then Co,x» O ,

which leads to

(Mkt - -In C

82.

/

Integration gives

-In(a-x) « kt

uhows approximately m-terphenyl indicating that aromatization 
■jccurred during the chromatographic procedure. The Indications are, 
lowever, that aromatization of Sample No. 5&599A occurred during 
thermal treatment. Polymer yield has not been determined, as yet.

This study was undertaken to determine whether or not the rate con
stants for the thermal decomposition of various polyphenyls are the same 
regardless of the number of aromatic rings in the polyphenyl system. 
After determining the thermal decomposition rates of pure compounds 
such as biphenyl, o-, m- and p-terphenyl, p,m-quaterphenyl, and m,m,m- 
qulnquephenyl and mixtures such as biphenyl and terphenyl, terphenyl 
and high boiler also were to be studied. It is believed that a study 
of this nature would aid in coolant management in reclamation pro
cesses or in coolant processing.

The program was initiated with a study of the thermal decomposition 
of biphenyl at temperatures between 550 to 510 C. The results of 
this work are discussed below.

if t •

The experimentally determined values 1 . , 
after pyrolysis as a function of time are shown In Figures 16 and 17. 
The decomposition appears to follow a first-order rate expression 
over the temperature range Investigated. A first-order decomposition 
at constant volume and temperature is given by

dx - K(a-x)

where x • amount reacting at time t 

a • Initial concentration

(a-x) - cone. /)» remaining » C at



Figure. 16.
Time, hr

Thermal Decomposition of Biphenyl In Glass.

Time, hr

Figure 17. Thermal Decomposition of Biphenyl 
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To determine whether the data fit a second-order rate expression,

The results are shown In Figures 18 and

and would be represented by the

Table 59

REACTION RATE CONSTANTS OP BIPHENYL

Temp , °C

Electron Irradiation (ref. 29)

e*.

A plot of l/C versus t should be linear for a second-order 
decomposition of a pure compound, 
dotted lines In Figures 18 and 19.

1 
C *

IO J 
10“T 
10-• 
10“e 
10-J 
10-’

1 
?o

1/C versus t was plotted.
19- _

Reaction Rate 
Constant, k 

sec"1__

kt +

The rate constants, k, shown in Table 59 were evaluated from the 
slopes In Figures l6 and 17, where k • -slope for each temperature.

According to equation (A), the plots In In C versus t should be 
linear with a slope of -k, for a first-order decomposition.

The data shown In Figures 16 and 17 show a reasonable fit to 
straight lines and, therefore, Indicate first-order kinetics. The 
data obtained at higher temperatures in the isoteniscope (6ojC free 
space) also show good agreement with that obtained In Pyrex glass. 
Electron Irradiation at 517 *C (ref. 29) is shown for comparison and 
is roughly equivalent to tnermal decomposition at A82*C.

A plot of In k versus 1/T Is shown In Figure 20. Results reported 
by de Halas (ref. 50) and Rosen (ref. 515 are shown for comparison. 
Using the Arrhenius relationship

It Is evident that the data In Figures 18 and 19 show a consider
able and consistent upward swing as shown by the solid curved line, 
especially at higher conversions and therefore do not fit second- 
order kinetics.

m
 x 

x x
 m 

x

*■
» 

SO
N'

NO
 

a
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Fl«ure 19. Thersal Decomposition of Biphenyl. 
Order Kinetics.
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or In k = -Ea/RT + Z

Biphenyl Decomposition Procedure2.

86.

A quantitative gas sampling was made in one run at 4^4 °C. Trace amounts of hydrogen, methane, and ethane were detected, with less than one mole of gas being formed for every ten moles of biphenyl decomposed.

A quantity of purified (99«9-»^) biphenyl is filtered (0.45 micron) and charged to a previously cleaned Pyrex glass tube to allow about

where Z is a constant, Ea the activation energy, R the gas constant, and T the absolute temperature, the activation energy for the decomposition can be determined from the slope of the line In Figure 20. The line best fitting the data gives a value of Ea » 6? + 2 kcal/mole.
The value of Ea - 74,000 cal/mole reported by de Halas (ref. 50) agrees well with the present data. The displacement of the de Halas line to lower decomposition rates is expected since all components removed in the single-plate reduced pressure distillation of products (tar determination) were included with biphenyl. This results in values characteristic of polymerization only. When products through terphenyls (as determined by VPC) were added to our values for biphenyl, only about one-half of tne discrepancy was removed. This would indicate that the tar determination used by de Halas must have removed some higher polyphenyls in addition to terphenyls. The other value of Ea « 92 kcal/mole was calculated from data reported by Rosen (ref. 51) and appears to be considerably high. Some variation in decomposition rate with pressure has been note in isoteniscope runs in the present work, but no consistent correlation could be made. The points given for decomposition in the liquid and vapor phase were obtained in the isoteniscope in previous work (ref. 52) and correspond to a decomposition rate of one mole per cent per hour determined from the rate of pressure Increase due to gas evolution.

k - Ze-Ea/RT

Figure 21 shows a plot of the terphenyls produced as a function of the biphenyl reacted for all the temperatures used. The relative amounts of the terphenyl Isomers produced appear to be Independent of temperature over the range studied. The fact that the o-terphenyl Isomer concentration remains low Is expected in view of the sterlc requirements needed for Its formation. The known Isomerization of o-terphenyl to the more thermodynamically stable m- and p-lsomers may also contribute to the lower concentrations found. The fraction of polyphenyls above terphenyls, assumed to be comprised of some quaterphenyls, quinquephenyls and sexiphenyls. Is also shown In Figure 20 for a few decompositions. The residue values determined by treatment of the pyrolyzed product at 2OO°C/O.1-0.05 ran Hg for 2 hours are also shown. These values appear to increase linearly in the same way as the terphenyls .
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Figure 21. Decomposition Products of Biphenyl (T • 427-510*0) 
as a Function of Biphenyl Reacted
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VI. ECONOMIC EVALUATION OF VARIOUS RECLAMATION PROCESSES

«9.

»

spent coolant la the high boiler

Analysis for remaining biphenyl la made by vapor phase chromatography. Terphenyls and some higher polyphenyls are also determined.

In refinements and the following cost estimates were

(l) Economic evaluation of the solvent distribution method for reclaiming spent coolant containing 5, IO, 15 and 
22 wt-0 high boiler.

coolant containing 90 high boiler compared to all other cases. To allow for this* the neat requirements were calculated Tor each case, and the solvent distribution processes were re-evaluated using this additional cost requirement. In the base case, distilled to remove reusable terphenyl coolant,

The utility of a reclamation process which is technically feasible will ultimately be determined by economic factors. In order to obtain a general idea of the relative economic potential of various reclamation processes, cost calculations of these precesses were made.
Preliminary economic evaluation of various reclamation processes were reported In the Third Annual Report (ref. 59, p. 85). Since then, the various reclamation processes have been re-evaluated by our process engineering group to check out the previous estimates, addition, some made.

6056 free space. The sample is melted, degassed, and the tube sealed under vacuum. The sealed tube is placed in a stainless steel cartridge (for protection) and preheated at,„250°C for fifteen minutes. It is then transferred to a hole in a heated and Insulated aluminum block maintained at the desired run temperature ( + 1*C). After heating for the desired time, the tube Is removed and air quenched. The tube is cooled in liquid air prior to opening for analyses. Quantitative gas sampling is also possible. Several samples of biphenyl have also been decomposed in a high-pressure stainless steel isoteniscope (ref. 29).

(2) Economic evaluation of the partial reduction-hydrocracking reclamation process using product yields of 60, 70, and 80%.
The calculations are based on a 500 Mwe reactor operating at a steady state high boiler concentration of and producing high boiler at the rate of 1OOO Ib/hr. For the spent coolant reclamation costs, steady state high boiler concentrations of 5# 10, 15, and 
22%, with the corresponding high boiler production rates of 2000, 1700, 1^00, and 1OOO Ib/hr, were also used. In making the original calculations (ref. **O) for solvent treatment reclamation of spent coolant containing various quantities of high boiler, the same operating costs were used. However, these operating costs will differ mainly tn the heat requirements necessary to process the different quantities of coolant and will be significantly higher in the spent
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ftxcept for processes 3 and 4, the reclamation processes shown are 
supported by experimental evidence and are technically feasible.

The solvent distribution process on spent coolant containing ; 
greater high boiler is the most profitable of those shown (pro
cesses 8 and 9). Processes 6 and 7 show equally good profits, but
the operating and fixed capital costs are high. The per cent return 
on investment (25-30%) In these two cases can be considered mar
ginal because of the high Investment and operating costs. The next 
best process Is wlped-fllm distillation of high boiler using the

reclamation using tne solvent treatment method becomes 
level and above.

talned, shows an Incremental profit of 
capital of 23.1%, and payout time of 4. 
that was c___.1__ 2 ___ _
better profits are shown for the 
have not been confirmed by experiment.

Table 41 shows that the base case with spent coolant containing 5% 
high boiler (processes 5 and ) have high fixed capital and opera
ting ccsts, and It la questionable whether or not a reactor can 
operate economically at tnls high holler concentration (no reclamation). 
Reclamation In these two rases Is economical, but economy is Increased 
twofold by reclamation of spent coclant containing J C% high boiler. 
The capital and operating costs become Increasingly higher at low 
level high boiler conotntrat lor s Uuause at these levels the terphenyl 
decomposition rate is high. Therefore, large amounts of coolant must 
be processed to maintain steady state high bolxer concentrations of 
5-10%.

residue Is burned and replaced with fresh terphenyl coolant. The 
difference In cost of this operation (recovery of terphenyl and 
addition of new terphenyl) and the cost of a reclamation process 
(reducing the make-up terphenyl) Is the Incremental annual profit.

The results of the evaluations are shown In Tables 4o» 41 and 42.

The economic trend in this and the previous evaluation (ref. 39) 1® 
the same, but the fixed capital and operating costs are greater in 
the present evaluation. The profits are lower because operating 
costs have been Increased. Physical methods art more economical 
than chemical methods, except for partial reduction of nigh boiler 
(process 16) where a profit of *723,OOO/year Is shown over the base 
case (process 1).

The wlped-fllm distillation process, In which yields 6f 25% are ob- 
“ ----- * <322,000, return on fixed

■ --*-* and payout time of 4.2 years. This is a yield 
obtained in an actual pilot plant experiment and although 

two processes which follow, yields

Therefore, i acu»»«»v

more profitable at the 15% hign boiler

The same trends would isost likely apply to any process that operates 
at reduced high boiler concentrations (15% or less).

fixed capital and operating costs are greater in 

Physical methods arc more economical

a profit of |723,OOO/year Is shown
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Table MO

Dlstlllatipn Froc«»»

10.12.77950,000 2,055,000

2. *.207.6*3.*82?.8322,0001,733,0001,350,000
»

3- 2.606.153-1638.8526,0001.529,000l,35*,0O0

*.

1.2-5.52.1081690,0001,365,00085*,OOO

aApplies to processes 2, 3, and *

Fixed
Capital

Incremental 
Profit Over 
Base Case 

t_

M3 
•—<

u 
Return

on 
Fixed 
Capital

Payout
Tine .
year

ECONOMIC EVALUATION GT PHYSICAL RECLAMATION PROCESSES 
(300 MWe Reactor, Steady State 30* HB Concentration)

Primary distillation and 
wlped-fllm distillation 
(500 Ib/hr disposal race)

Primary distillation and 
forced circulation dis
tillation 
(500 Ib/hr disposal rate)

Operatine 
Cost and 

make-up 
17 cent s/lb 

t__

Operating 
coat/lb 

Reclaimed 
Coolant 
cent/lt

Operating 
and 

Make-up 
Coet/lb 
Reclaimed 
Coolant 
oent/lb

1. Primary distillation 
(1OOO Ib/hr disposal) 
Base Case*
Primary distillation 
and wlped-fllm distillation 
(750 Ib/hr disposal rate)

Steady State 300 HB Concentration)
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Ik
, ;v •. itFny»;c*x

5.
iiis9)6,000 IO6,990,000 XO•,0*9,000

!.*•*.907,0005.250.000
0

5a. Concentrating 9 wt-< MB
0.96•,296,000 667.000 1.22 9XI.99.990.000

l.*80.96*,907.0009,290.000

6.
X.692*. 6 *.092,6*0.000 1.901,179.000*.790.000
2.6*0.095,619.0002.979.000

7 on
2.601.60 9.5070.000 90.22.090,0009,210,000

1.96 •299,000,0001.079.OOO

8.
2.698.9 9.792.90775,0001.929.0002,010.000

6.792.061.280,000 2.900,000
9.

*.02 2.09.20901.902,000 759.0001.900.000
2.6 10.12,059,000990.000

IO.
1.8♦ 999-*97*1,000 991.91*,0001,990,000

10.1

L L

0.91*
0.96

Inarwaaontal 
Fraflz Over 

Base Case
Payout Tlao. year

on 
1*/

Solvent dlstrli 
•pant aoo) 
content,   
poaal rate) 
Base Casa*

PLseS 
Capital
___1__

Pined 
Capital 
_____1—

6 
Return on 

Fined  
ceeival hoV1»

Solvent dletrlkut 
•pent coolant (19 
content, *22 
posal rataJ 
Rase Caao

Ope rating 
•nd MMaa-up

Solvent dlstrLbutlon on 
•pent coolant (108 MB 
oontent. *11 Ik/nr dis
posal rata) 
Bane Coe

Operating
Coat and

2,099,000 
• 9

Ln SC to 90 «t-< than 
soleant a lotrlOutIon < 
concentrated SC j6o6 : 
nr disposal rate) 
Bane Coe

0007071^ 
Coat and 
nao-up 6a 
17 cents/Ik 

8__

boorokxc rrsiosrxoa or pwtsxcax. rbcxjp'atxop proctssd 
(900 Mf(o) Raaetor, Steady State MB Concentration SpecIflad la Trama Description^

Ope ret lac 
Cost/lk 
Recla land 
Coolant

ibutjiai^on
Ik/hr dis-

2.8 
and IO le primary distillation, burning of th* IB residue

---------OutLon on 
•5 ol ant (91 66 
, 006 lb/hr 210-

lk/nr dis

solvent diatrlkutlon on 
•pant coolant (271 >■ 
content, 355 Xk/hr dis
posal rate) 
Base Csse 
Solvent distr 
•pent coolant 
content, 505 ! 
posal rate) 
Baae Case
Prlaarjr di at illation and 
solvent distribution on 
HB ( rroa 50 wt -* spent 
coolant), 25C IB/hr dis
posal rate 
Base Caao_______________________990.000

•Tha baae ossa is procease* 5, 5a, 6, 7, o, >, 
and replan ana nt of MB with freah terphenyl coolant
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Table *2 #

1.
2.8 10.12,085,000950,000

11.
6.76.11,68*,OOO 5.1571,000 152,522,000

12.
11.*6.98.81,835,000 5.1222,0002.522,COO

13.

6.5 10.71,796.000 5.59.3rate) 259,0002,775,000( 11 hr

1*.
parti

263.8 7.25.5110,000al rate) 2,800,000{

15.

8.56.2-1*2,0002,797.0002,929.000 neg.

16.
2.8*.835.8 3-9723.0001,322,0002,0*5.000

1,9*5,000

Incremental 
Profit Over 
Base Case 

1____

PrUsarr Ala*Illation and 
partial reduetlon and 
by drocraoklng 
t»OO Ib/hr disposal rata)

0 Return 
sn Fised 
Capital

dietillation and 
reOuetion and

Fixed 
Capital

Operatic
and Make-up 6* 
at 17 oenta/lb 

1____

MO

(1000 
Base Case

Operating 
and Make-up 
Coat/lb 

Raolalaad 
Ccolant 
oent/lb_____

i .

Payout 
TIm, 
rr

rleary distillation and 
artlai reduotian of MB 
150 Ib/hr disposal rate)

1„ :
^-.7.7,77,-A

Primary distillation and 
MB hydrocracking 
(200 Ib/hr disposal rate)

Primary distillation and 
MB hydrocracking 
(300 Ib/hr disposal rate;

distillation 
/hr disposal rate)

acoMOKic rrawATioB or ckdcxcai- fusclamatiom phockssks 
(300 W(e) Reactor, Steady State X90 MB Coneent rat ion)

Operating
Cost/lb
Reelalned
Coolant
cent/lb

ry distillation and 
al reduction and 
sracklni 
lb/hr d!

bm
im

si
iiw

m
w

.
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The economically attractive pr?cc?s®eT 
and 16) should be 1 12— 2 * .

---------- 1 (processes 2, 5, 
t'u rt he r de ve 1 oped on a i

" , 7, 8. 9» IO 
pilot plant scale.

Kontro -AJuB.-O-rilm" otlll <proee3« ^oceeses J and *
cood processes but are not supported by experimental data. rroce 
3 however, has a high probability of being successful 
process 2 results. The partial ^^ctlon-hydrocracklng process 
(process 13) follows those mentioned, but J*** moderate
characterized with high operating and fixed capltaJ . { (a W).
profits ($259,000) and a low per cent return on Investment 19

Partial reduction of high boiler (process 16) Is equally as good as 
distribution (p^Odeaaaa 8 and 9). Froduet from such •

cess has been Irradiated and Indications are that It may have utility 
for reuse as a reactor coolant.

«
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o-tercyclohexyl
1.2- dlcyclohexyl bentene 
l-cyclohexyl-2-phenylcyclo- 
hexane 
l-pher.yl-2-cyclohexyl benxene 
Unassigned
1.2- dlphenylcyclohexane 
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o-tercyclohexyl 
o—tercyclohexyl
1.2- dlcyclohexyl- 
benzene
1-cyclohexyl-2- 
phenylcyclohexane 
1-phenyl-2-cyclo
hexyl benzene 
Unassigned
1.2- diphenylcyclo- 
hexane
o-terphenyl

Peak Legend

Solvent: None 
Sample size: 1 >^1 
Column: 4 ft. 15% 
Craig polyester 
succinate on 50-60 
mesh reg. Chromosorb 
Column temp: 200°C 
Helium: 60 pslg

Sample No. 50416
Operating Conditions

99-

Figure 25. Vapor Phase Chromatogram of o-Ter- 
phenyl Reduced with Q-49 Nickel Catalyst
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Peak Legend

1,5-DlphenyIcyclohexane
1 - Pheny 1 - 5- cy c lohexy 1 be nt er. e 
m-Terpheny 1

i’ll I ' • 1—LJ

Figure 24.
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Vapor Phase Chromatogram of m-Terphenyl Reduced 
with Copper Chromite Catalyst.
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Sample No. 25699

Operating Conditions

Peak Legend

*

<

Trace component
1,3-dlphenylcyclohexane
1-phenyl->-<?yclohexyl benzene 
m-terphenyl

Solvent: Benzene 
Sample size: 1 pl
Column: 6 ft. Apiezon L 

on Chromosorb W.
Column Temp.: 262 eC
Helium: 60 psig
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Vapor Phase Chromatogram of m-Terpheny 
educed With G-13 Copper Chrorfflte Cataljyst
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Peak legend

1,3-Dicyclohexy1benzene 
1, 3-Diphenylcyclohexane 
1-Pheny1-3-cyclohexy1- 

cyclohexane

Figure 26. of m-TerphenylVapor Phase Chromatogram 
Reduced with Copper Chromite Catalyst.
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Vapor Phase Chromatogram of m-Terphenyl 
Reduced With G-49 Nickel Catalyst
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of m-Terphenyl

Peak Legend

Reduced with Harshaw

m-Tercyclohexyl
1,3-Dlcyclohexylbenzene
1-Phenyl-5-cyclohexylcyclohexane
1,5-Di phenylcyclohexane
1-Phenyl-5-cyclohexylbenzene 
Unidentified
m-Terphenyl

Sample
Operating Conditions

Solvent:

Column:

Figure 29. Vapor Phase Chromatogram 
Nickel Catalyst.
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Peak Legend

m-Tercyclohexy1
1,>-Dlcyclohexy1 benzene 
1-Pheny1-3-cyclohexy1- 

cyclohexane
1,J-Diphenylcyclohexane 
1-Pheny1-5-eyelohexy1- 

benzene
Unidentified
m-Terphenyl

Sample No. 6208

*

Operating Conditions

Solvent: Tetri* hydro furan
Sample Size:
Column: 6 ft. 5% Polyphenyl ether 

on Chromosorb P
Column Temp.: 250*C
Helium: 26 pslg

Vapor Phase ChromatogramFigure JO.

106.

' i of tn-Terphenyl Reduced 
with Harshaw Nickel Catalyst.
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Sample No. *7*5-1

Peak Lr-^r.dOperating Conditions

1.

2.

5.
*.

Figure >1.

107.

Solvent: Tetrahydro furan 
Sample size: 2 |xl

m-Tercyclohexyl ard 1,5- 
DicyclohexyIbenzene

1, 5-Diphenylcyclohexane 
and 1-Phenyl-5-eyelo
hexy Icyclohexane

1-Phenyl-5-cyclohexyl
» benzene
b»-Terphenyl

Column: 6 ft 15% Apiezon L on 
Chromosorb P

Column Temp.: 262*C
Helium: 60 pslg

Vapor Phase Chromatogram of m-Terphenyl 
Reduced with Harshaw Nickel Catalyst
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Sample No.

Operating Conditions

16 pslg

Solvent: Nitrobenzene
Sample size:
Column: 6 ft. 5% Polypheny 1 ether 

on Chromosorb P
Column Temp.: -*250*0
Helium: 16 pslg

*727

Peak Legend

1.
<

4.

2 .
3.

1-Pheny1-4-eyelohexyl- 
cyclohexane

1,4-Diphenylcyclohexane
1-Pheny1-4-cyclohexyl

benzene
p-Terphenyl

-rH tt-•n’tt+

*
i

I
3

Vapor Phase ChromatogramFigure 32.

106.

Vapor Phase Chromatogram of p-Terphenyl Reduced 
with Girdler G-13 Copper Chromite Catalyst.
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Solvent: Tetra hydro Furan 
Sampl* •!*•» 5 Al 
Column: * ft 15* Craig 
polyeater aucclnate on 
JG-60 me ah Chrcmoaorb 
Temperature: 210*C 
Hellumt 60 pal*

Sample No. JO-26
Operating Condltlona

1.a-dlcyclohexyl benzene 
1.*-dlcyclohexyl benxene 
1-phenyl-*-cyclohexylcyclo
hexane
1,*-diphenylcyclohexane 
1-phenyl-*-cyclohexyl 
benzene
Unaaalgned
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Solvent: Tetrahydrofuran 
Sample Size: 5«A1 
Column: 4 ft. 15% Craig 
polyester succinate on 
50-60 mesh chroroosorb 
Column temp.: 210eC 
Helium: 60 psig

C J--.i r~ j

Sample No. 5C417 

Operating Conditions

*■*_
BSBi

Peak Legend

4.

5.

6.

1.
2.
5-

p-tercyclohexyl 
p-tercyclohexyl 
T,4-dlcyclohexyl 
benzene
1.4- dlcyclohexyl 
benzene
1.4- dlphenylcyclo- 
hexane 
l-phenyl-4-cyclo
hexyl benzene
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Figure 54. Vapor Phase Chromatogram of g-Terphenyl 
Reduced with 0-49 Nickel Catalyst
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Ill.

Vapor Phase Chromatogram of p-Terpheny1 
Reduced with Harshaw Nickel Catalyst.
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«

Vapor Phase Chromatogram of p-Terphenyl 
Reduced with Olrdler 0-*»9 Catalyst.
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APPENDIX IX

EXPERIMENTAL SYNTHESIS WORK

A. INTERMEDIATES

1. Dlhydroresorclnol Ethyl Enol Ether

t

2. 5-Pnenylcyclohex »a-er:nt

115.

(1O hours). 
washed with 1080 ml of a cold, 
bonate.

i
1.5O52^(

To a three-liter, four-necked flask equipped with stirring motor, 
reflux condenser (protected with a calcium sulfate drying tube ), a 
500-ml pressure-equalizing dropping funne* with nitrogen Inlet 
adapter r*nd a thermometer was added 5*-5 g (2.22 moles) magnesium 
turnings. The system was heated with a low Bunsen flame to drive off 
adsorbed moisture. Anhydrous ether (75Oml ) was added followed by 
a dropwise addition of 40 ml of bromobenzene (reagent grade). Re
fluxing for fifteen minutes Initiated formation of the Grignard 
reagent, after which the remaining bromobenzene (2.^2 moles total) 
was added dropwise over a two-hour period. DlhydroresorcInol ethyl 
enol ether (171.J 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 re
flux with stirring for one-balf hour. The reaction mixture was then

20.

The major fraction boiled between 65-67*C 
mm Hg yielding 220.2 grams of a nearly colorless liquid, 
ref. 5< )» ngs “ 1.5057 and 1.5OAO). The ether extract 

nal li.l g boiling at the same temperature and 
pressure. The yield based on oure dlhydroresorclnol was 6^.7%. The 
purity of the product was 98.5 area-£ as determined by gas chromatography.

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 dlhydroresorcInol (containing sodium chloride as 
an impurity) and 2515 ml of benzene. The thir’d 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 dl
hydroresorclnol -benzene solution was refluxed while stirring to remove 
water. After 50 ml water was removed (leaving about 286 grams, 2.55 
molee of dlhydroresorclnol), 555 wl (9.17 moles) of absolute ethanol 
and 11.7 grams of practical grade p-toluenesulfonlc acid were added. 
Stirring at reflux was continued until *»2.5 ml water was collected 

The react1 . mixture was cooled to room temperature and 
j saturated solution of sodium blcar- 

The organic layer was then washed with four 250-ml portions 
of ice cold IM potassium carbonate solution followed by washes with 
Ice water untTl neutral. All aqueous washes were saved and subse
quently extracted with ether. Both the benzene and ether solutions 
were dried over anhydrous magnesf.im sulfate. These solutions were 
then concentrated in a rotary evaporator and subsequently distilled 
through a Vlgreux column, 
at O.55-O.H 

yielded an additional   
The yield based on oure dlhydroresorclnol was 6^.7%.
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5.

The Infrared spectrum

MODEL COMPOUNDSB.

1,

ll1*.

0.6 
oil 
65-65*C).

pale-yellow 
55,

The

5-Bromoethylbenzene

A 500-m1, 5-necked flask was equipped with a reflux condenser and 
thermometer. To the flask was added 25.2 g (0.127 mole) of 5-bromo- 
acetophenone (reagent grade), 140 mi 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 
refiuxed 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 hydro
chloric acid, and the heavy oil product separated. The water di
ethylene glycol layer was then extracted with benzene and these ex
tracts combined with the oli and distillate (collected in the Dean 
Stark trap). Ttie benzene solution was dried over anhydrous magnesium 
sulfate, concentrated, and the residue distilled. The major fraction 
boiled between 78-8G*C at 11 mm Hg and amounted to 18 grams (76.5# 
yield). Vapor phase chromatography showed It to be 99.6 area-# pure 
with nc starting 5-bromoacetophenone present. The Infrared spectrum 
was consistent with 5-bromoethyl benzene structure.

cooled and one liter of 1.7 M sulfuric acid was added slowly with 
stirring and cooling with an Ice bath. After hydrolysis the mixture 
was steam distilled tntil 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 solution was 
concentrated and the residue distilled through a Vlgreux column. The 
major fraction (155.4 g, 71.7# yield) boiling between 121-124*c at 

mm Hg was collected. The distillate was a viscous, 
that crystallized on standing, mp 65-65*C (literature ref. 

Vapor phase chromatography showed 97 area-# purity.
Infrared spectrum was consistent with the 5-phenylcyclohex-2-enone 
structure.

4-Ethylbiphenyl

A 2-11 ter, 5-necked flask was equipped with a Dean-Stark trap (sur
mounted by a reflux condenser), stirrer and thermometer. To the 
flask was added 95-2 g (0.486 mole) of 4-acetyIblphenyl (reagent), 
900 ml of reagent grade diethylene glycol, 62.7 g of 85# hydrazine 
hydrate solution (1.06 moles hydrazine), and 55.2 g (1.55 moles) 
sodium hydroxide. The reaction mixture was heated slowly with 
stirring to reflux (~15O’C). As copious quantities of hydrazone
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1-(4-Xenyl)-4-methyIcyclohexanol-1 (Precursor to 4-methyl-p- 
terphenyl)

formed, the stirrer was turned off since the stirring action promoted 
rapid decomposition of the hydrazone resulting In solid being carried 
up Into the Dean-Stark trap. The hydrazone was then slowly decomposed 
by removal of water till the reaction temperature reached 2OO*C. Re
fluxing was then continued for an additional two hours. After cooling, 
the reaction mixture was extracted with three 200-ml portions of 
benzene. The benzene solution was washed with hydrochloric acid 
followed by several wasblngs with water and then was dried over an
hydrous magnesium sulfate. The solution was concentrated and the 
residue distilled using a Vigreux column. The major fraction boiled 
between 116-118*C at 2.0 - 2.4 mm Hg and amounted to 74.6 grams 
(85.55^ yield). Vapor phase chromatography showed It to be 99-5 area-^t 
pure with no starting 4-acetylblphenyl present. The Infrared spectrum 
was consistent with the structure of 4-ethylbiphenyl. ^The compound 
Is a white solid at room temperature, melting at 35-54*0 (xlt. mp - 
54*C, ref. 56). Analysis: Calc'd for C, 92.5; H, 7.7.
Found: C, 92.4; H, 7.6.

To a 5OO-ml, 5-necked flask equipped with a dropping funnel, nitrogen 
Inlet, stirrer, and reflux condenser was added 5.2 g (0.155 g-atom) 
magnesium turnings, and 1OO ml tetrahydrofuran (previously distilled 
from calcium hydride). The dropping funnel was charged with 50.0 g 
(0.129 mole) of 4-bromobiphenyl dissolved In 120 ml tetrahydrofuran. 
About one-fourth of this charge was added to the reaction flask and 
the reaction mixture stirred and heated to reflux under a nitrogen 
atmosphere. After reaction had started (as evidenced by darkening 
and a mild exotherm), the remaining charge was added dropwise over a 
period of one-half hour at rtflux temperature. The reaction mixture 
was then refluxed with stirring for an additional 45 minutes. At the 
end of this time, the Grignard reagent was cooled with an Ice bath 
and a solution of 11.4 g (0.102 mole) u-methyIcyclohexanone In 1OO ml 
tetrahydrofuran was added dropwise over a one-hour period ^whlle 
stirring and maintaining the reaction temperature at 5-lO°C. The 
reaction mixture was then refluxed * or one-ha.f hour, cooled tc room 
temperature, and poured into a saturated ammonia chloride-ice mixture 
(-5*0). After separating the •wc layers, the cloudy water layer was 
extracted twice with ethyl ether <nd ♦ he extracts were added to the 
organic layer. This solution wis dried over anhydrous magnesium 
sulfate atd concentrated to yieud 25 grams of a yellowish solid. 
Vapor phase chromatography of this solid showed that It contained 17 
grams of the alcohol (t>4£ yleid) and 8 grams biphenyl. Trituration 
of 2 grams cf this material with petroleum ether, followed by re
crystallization of the triturated material from petroleum ether 
yielded 1.0 gram white needles, m.p. 119-l?0*C. Analysis: Calc’d 
for CisHyiO: C, 86.1; H, 8.0. Pound: C. 86.0; H, 8.4.
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in the 
vacuum 

The 
of thia material shewed two

The infrared spectrum of 
were consistent with the 

No attenpt was made

From the above data, it was concluded that the sample was a mixture 
of cis- and trans-stereolsomers of 1-(*-xenyl )-*♦-met hyleyclohexane.

1- (4-Xenyl )-j*-methylcyc lonexane

Ten grams (O.CM*O5 mole) of 1-(^-xenyl)-1*-methylcyclohexene-1 suspended 
in 190 mJ ethar.ol-cyclohexane (50:50 by volume) was reduced in the 
presence of 1.5 g 5# palladium on charcoal using a Farr shaker at an 
Initial hydrogen pressure of *9 pslg. The final pressure after two 
hours was 4/ palg (room temperature ?. The reaction mixture was fil
tered and the filtrate concentrated on a rotary evaporator to yield 
9.7 grams of a nearly colorless oil which cr>s*alllzed when diluted 
with a small amount of petroleum ether and allowed to stand 
cold. The resultant solid cake was broken up and dried in a 
deslc«a?or to yield 9.5 grams of a white powder, mp • 55-59*C. 
vapor phase chromatogram of a sample 
partially resolved peaks (65 and 55 area-<). 
the entire sample and the 65 a:«ea-< component 
structure of 1 -(**-xenyl) -k-met hyl cyclohexane .
to collect the 55 area-^jC component. The UV spectrum of the entire 
sample also was identical with the UV spectrum of the disproportiona
tion product isolated from catalytic dehydrogenation of 1 -(A-xenyl)-A- 
methylcyclohexene-1 (see below). Analysis:' Calc’d for C19H9i: 
C, 91-5; H, 8.5. Found: C, 91.5; H, 8.8.

1-(A-Xenyl)-A-methylcyclohexene-1 (Precursor to A-methyl-p-terphenyl)

A solution of* 129 grams of crude 1-(A-xenyl)-1*-methylcyclohexanol (con
taining about 25 grams biphenyl) in 150 ml benzene was charged to a 
one-liter 5-nocked flask equipped with a thermometer, stirrer, Dean- 
Stark trap ano condenser. A small crystal of iodine was added and 
the reaction mixture was stirred and heated to reflux. As benzene was 
distilled from the reaction vessel to the trap, the temperature of 
the flask contents gradually rose from 90 to 150eC, at which time de
hydration started as evidenced by appearance of water in the trap.
After 7.5 ml water was collected (95.5^ theoretical), the reaction mix
ture was allowed to cool and 500 ml of 10?C sodium thiosulfate solution 
was added with vigorous stirring. The organic layer was then separated, 
dried over anhydrous magnesium sulfate and concentrated on a rotary 
evaporator. The resulting oily residue was distilled to remove biphenyl. 
A 10-gram portion of the residue was dissolved In petroleum ether, de
colorized with charcoal and the solution of mono-olefin in petroleum 
ether cooled to yield 5.5 g of white fluffy plates, mp 128.5 - 150*C.
An additional 2.1 g was obtained in second and third crops. Vapor 
phase chromatography showed the first crop to be 99 area-^ pure, and 
an infrared spectrum was consistent with the structure of the olefin 
showing an absorption band for the double bond region. The olefin was 
free of alcohol as was shown by the absence of a hydroxyl band.
Analysis: Calc*d for CiOH49: C, 92-5; H, 7.7. Found: C, 92.0; H, 8.1.
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Dehydrogenation with Chlcr.mll5c.

i

Thia experiment was carried out on a larger scale using 60 grams of 
l-(*-xenyl)-*-methylcyclohexene-1 In 200 ml p-cymene and IO g 5^ 
palladium on charcoal. Arter refluxing for eight hours, the reaction 
mixture was filtered and p-cymene was removed by distillation In a 
simple still at about 90*C head temperature and *5 mm Hg. The solid 
product remaining was slurried In 200 ml warm benzene, chilled in ice 
water, and then filtered to yield 26.5 grams of a damp white solid. 
Further concentration of the benzene solution yielded an additional 
5.0 grams of material. These solids were combined and recrystallized 
from benzene to give 22.5 grama cf * methyl -p-terphenyl, mp - 2O9-21O*C.

To a solution of <0.1 grams (O..6 moles) of 1 -(*•-xenyl ;-* -methylcyclo- 
hexene-1 In 550 mi Kastman reagent p-xylene wis added 80.2 grams 
(0.52 moles) reagent grade chloranil. The wine red solution was re
fluxed for ten hours. The cooled semisol id was slurried in additional 
xylene, filtered to remove tetrahydrochloranl1 and the filtrate 
diluted with ether. This solution was washed with three SOO-ml por
tions of sodium hydroxide solution, followed by water washes until 
neutral. The solution was then dried over anhydrous magnesium sul
fate, filtered and concentrated to yield a vlaccus oil. Trituration 
of this oil with petroleum ether gave 16 grams of white *-methyl-p- 
terphenyi. Additional material was obtained by further concentration. 
One recrystallizatlcn of the crude material from benzene-ethanol gave 
20 grams of *-methyl-p-terpheny., mp 209-210*0-

The remaining benzene filtrate was concentrated in the rotary evapora
tor to yield an orange red oil, wnlch was diluted with an equal amount 
of petroleum ether. The resulting sol at ten was chilled to yield 
fluffy plates which were recrystallized from pe* rt leum ether to give 
10.6 grams of product, mp • 90.5 - 9**0. This compound was Identified 
by its infrared and ultraviolet spectra as 1-(< -^eny1)-*-methyIcyclo- 
hexane. The spectra obtained were Identical wl h those obtained from 
the hydrogenation product of i - (<-xeny t )-4-methyl eyetohexene-i . Vapor 
phase chromatography showed it tc te 97.6 area-% pure with the remaining. 
2.*£ being <-metnyl-p-terphenyl. Only ore Isomer of the cyclohexane 
derivative was resolved on the gas chrc-matogram.

<-Methyl-p-terphenyl (1-(<-xenyl )-*-methylbenzene) x
(Uy catalytic dehydrogenation with palladium on charcoal)

Five grams of crude l-(*-xenyl)-*-methylcyclonexene-1 (free of biphenyl) 
was dissolved In 50 ml p-cymene and charged to a lOO-ml, 2-necked 
round-bottom flask containing 2.0 g palladium on charcoal. The 
flask was fitted with a reflux condenser and nitrogen bleed. The 
contents were refluxed for four hours, filtered hot, and then allowed 
to cool with resulting deposition of yellow-white crystals. These 
were filtered and recrystal1ized from benzene-petroleum ether to yield 
gray-white crystals, mp 208-239*0 (lit. mp • 207*C, ref. 57). The 
infrared spectrum was consistent with the structure of 4-methyl-p- 
terphenyl. Analysis: Calc'd. for C, 95.*; H, 6.6. Found:
C, 95.*; H, 6.6.



3d. Attempted Vapor Phase Catalytic Dehydrogenation

p-terphenyl and about 30% 4-methyl-p-terphenyl.
{1-(3-tolyl)-3-phenylcyclohexa-U .

A four-necked flask equipped with reflux condenser, droppin,

18.

3-Methyl 
diene-17

ng funnel, 
.66 mole)

dlhydro-m-terpheny1, 
31

A specially adapted dropping funnel, electrically trace heated and 
surmounting a quartz reaction tube, was charged with 21.7 grams 
1-(4-xenyl>-4-methylcyc)ohexene-1. The reaction tube (18" x 1 1/4") 
packed with 0.6% plat!num-slllca catalyst was enclosed in an electric 
furnace. The reaction tube was held at 500°C while the molten 
reactant was added dropwise (1OO minutes) to the reaction zone in the 
presence of hydrogen so that the reaction contact time was about 20 sec. 
A total of 13-9 grams solid product condensed in the first product 
receiver. About O 75> ml of a liquid (probably benzene) was noted in 
the Dry Ice trap following this receiver and about 1 ml liquid in 
the following liquid nitrogen trap. This latter liquid boiled far 
below room temperature and was presumably methane. The solid 
product was shown by vapor phase chromatography to contain 70%

stirring motor, and thermometer was charged with 1^.8 g (O. 66 mole) 
of magnesium turnings. The system was flamed out, and 450 ml of 
anhydrous ether was added through the dropping funnel. 3-Bromo- 
toluene (120 g, O 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 oromlde. After preparation of the Grignard reagent 
was complete (2 hours), 3-phenylcyclohex -2-enone, 59.5 g (0.346 mole) 
dissolved in 500 ml of anhydrous ether was added dropwise with stirring 
(on? hour) while maintaining the temperature at 20°C When the ad
dition was complete, the reaction mixture was stirred at reflux for 
30 minutes. Upon cooling, 380 ml of 9-5% sulfuric acid solution was 
slowly added while maintaining the flask contents at 5-10°C with 
cooling and stirring. The ether layer was separated and washed three 
times with 25O-ml portions of 5% potassium carbonate solution fol
lowed by water washes until neutral. After the ether solution was 
dried over anhydrous magnesium sulfate, it was concentrated in a 
rotary evaporator, and the residue was then distilled. A forerun 
containing bromotoluene, Diphenyl and 3 3*-dlmethyIbipheny1 was 
collected. The major fraction boiled tetween i6o-168°C at 0.3 mm Hg.
A total of 64,5 grams representing a crude yield of 75-8% of 
3-methyidihydro-m-terpheny1 was collected. (Vapor phase chroma
tography Indicated tha’ part of the dihydroterphenyl derivative had 
dehydrogenated thermally to 3-methyl-m-terpheny1 during distillation.

I
J



3-Methyl-tn-1 erpheryl £3- (3~xcny 1)-toluene 15.

C, 93.4^Analysis:
6.60.

Vapcr Pt~ase Catalytic Dehydrogenationb.

3-methyl-m-terphenyl and 1 - ( 3-tolyl) - 3-phenyIcyclohexane - in varying

It was identified as J-methy1-m-terphenyl by Infrared analysis.

3-BthyI-m-terphenylf3-£3-xenyl)-ethylbenzene!6.

turnings.

119.

Six cuts from the distillation of 5-methyl-m-terpheny1 
82.4 grams, were combined.

Dehydrogenation with Palladium on Charcoal

of crude 3-methyldlhydro-m-terphenyl (prepared 
in 500 ml p-cymene was added to a 1-liter,

A 500-ml 
funnel,

above, totaling 
These cuts contained two components -

proportions. The combined cuts, containing 62.65C 5-methy 1 -m-terphenyl• 
were charged to a specially adapted dropping funnel surmounting a 

' ')** x 1 !/*>*•) which in turn was enclosed in 
The reaction tube, packed with 1% platinum- 

500°C under an atmosphere of
4 hours and 

A total of 74.1 grams 
to the reaction tube. 

(<2 ml) of a colorless liquid (presumably benzene 
in a Dry Ice trap connected in series 

About 0.5 ml of a liquid boiling below room 
liquid nitrogen trap which followed the 
analyzed, but was presumably methane.

Vycor reaction tube (18 
an electric furnace, 
alumina catalyst was maintained at 
hydrogen while the reactant was -idded over a period cf 
30 minutes (ca. 20 seconds contact time), 
was collected in the first receiver attached 
A small amount 
and/or toluene) was collected 
with this receiver, 
temperature was found ir. a 
Dry Ice tiap. This was not 
Distillation of the main product yltided 45.3 grams of material boiling 
between 150.5 - L52*'C/O.1O mm Hg, shown by vapor phase chromatography 
to contain a 96 nrea4 component.

4-necked flask was equipped with a stirrer, dropping 
nitrogen Inlet,thermometer, and Friedrichs condenser, 

protected with a calcium sulfate drying tube. To the flask was 
added 1OO ml anhydrous ether and 5.0 g (0.206 g-atcm) magnesium 

About one-fourth of a solution of 3-bromoethylbenzene

A solution of 215 g 
as described above)
2- necked flask equipped with a reflux condenser and nitrogen bleed. 
Twenty-two grams of 5£ palladium on charcoal was added to the 
solution. The reacticn mixture was refluxed for three hours while 
bubbling nitrogen through to sweep out the hydrogen and prevent 
disproportionation. The reaction mixture was then cooled, filtered, 
and the filtrate was distilled to remove solven*. The residue was 
fractionated to yield 35 g of pure 3-methyl-m-terpher.yl (98# pure 
as determined by vapor phase chromatography), bp 169-171 **0/0.25 mm 
Hg. Several fractions (a16.5 g) containing varying amounts of
3- met by I -m-terpheny 1 •..•ere collected at the temperature renge 
100-168’0/0.25 mm Hg. Analysis: Calc’d. for Ci3HiC; 
H, 6.60. Pound: C, 93-3; H. 6.5.
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1 ^.i-Diphcny Icyc lohexadiene -1,57.
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held at 5-10 C, over a 1.5 hour period, 
the reaction mixture was rtfluxed

coolc-d, and ooured with stirring into 
chloride solution containing ice.

After p-cymene 
(25.1 g total) 
6.10 mm Hg.

A 2-liter, 4-necked flask was equipped wltn a dropping funnel, 
nitrogen inlet, stirrer, reflux condenser, and thermometer. To the 
flask was added 195 ml of a 5*. solution cf phenylmagnesium bromide 
(C.58 mole) in ethyl ether. The Grignard reagent was stirred and 
cooled with an Ice bath and a solution of 5-phenylcyclohex-2-enone 
(75 g• 0.44 mole) In 50C ml of anhydrous ethyl ether was added drop
wise *0 the reaction mixture, held at 5-lO°C, <--------- “ ’ *-------- --------- - —*
After addition was complete, 
with stirring for one hour. 
500nl of saturated ammonium

The layers were separated and the ethereal solution was washed with 
5JC sodium bicarbonate solution and water, and was dried over an
hydrous magnesium sulfate. This solution was then concentrated 
on a rotary evaporator, and a small sample of the resultant semi
solid recrystallized from absolute ethanol. The slightly yellow

(57.2 g, 0.20 mole) in 7C ml anhydrous ether was added to the- reaction 
flask and stirring and heating was started. The Grignard reagent 
formation began in about ten minutes and the remaining charge in the 
dropping funnel was added over a one-hour period with stirring at 
reflux temperature. The reaction mixture was then cooled to 1O*C 
and a solution of 50.0 g (0 1?4 mole) 5-phenylcyclohex-2-enone in 
200 ml anhydrous ether was added dropwlse with stirring and cooling 
over a one-hour period. When addition was complete, the reaction 
mixture was refluxed with stirring for 50 minutes, and then allowed 
to stand for one hour. The reaction mixture was then poured with 
stirring into 200 ml cf 10Jl sulfuric acid solution containing ice. 
The ether layer was separated and washed three times with 2OO-ml 
portions of sodium bicarbonate solution followed by water washes 
until neutral. After the ether solution was dried over anhydrous 
magnesium sulfate, it was concentrated on the rotary evaporator to 
yield a viscous yellow-orange semisolid. fnls material showed no 
evidence of a hydroxyl b&nd in the infrared.

Into a 500 ml. 2-necked round-bottom 1 iask (equipped with a reflux 
condenser and nitrogen Inlet) containing a solution of the crude 
diene in 150 ml p-xylene was added 5*0 g palladium on charcoal.
After refluxing for 4 hours in the presence of a stream of nitrogen, 
the reaction mixture was cooled, filtered, and the filtrate frac
tionated using a 1-foot. g 1 ass a. 1 e t? pat. ked column, 
and low boiler had been removed, several fractions 
were collected belling between i64-170*’c at O.C*5 - O.lOmm Hg. A 
gas phase chromatogram of the iat>t cut (4.1 gram), bp 167-17O<>C/O« IO 
mm Hg, shewed a 96 area-< pe ax identified as 5-ethy1-m-^erphenyl by 
collection and analysis by Infrared. The remaining, fraction con
tained varying amounts (up to 86^ i of 5-ethyl-m-terpheny1. Analysis 
of 9t>£ fraction: Calc'd. for C>oHie ; C, 9" • 1 i H, 5-9- Found: 
C. 93.8; H. 6.1.



8. 1^-Diphenyleye 1ohexane

1-(4-Xenyl)-5-phenyIcyclohexadlene-^ 59-

1

1
1
1
1121.

the 
cooled,

decolorized 
Analysis: 

92.9; H, 7.0.

plates were dried In a vacuum oven at 4o°C and dissolved In carbon 
tetrachloride. An Infrared spectrum of this solution showed the 
absence of a band In the region 5200-cm*1 indicating the 
absence of a hydroxyl group. The remaining crude diene was re
crystallized once from absolute ethanol yielding 60 g of pale yellow 
plates, mp 97-99°C (lit. mp - 98-99 °C, ref. 58). Twenty grams of 
this material was dissolved In hot absolute ethanol, 
with charcoal to yield white platelets, mp 97-99°C 
Calc'd. for Ci8Hi8: C, 95.1; H, 6.9. Found: C,

A 2-llter, 4-necked flask was equipped with a dropping funnel, 
nitrogen inlet, stirrer, reflux condenser, and thermometer. To 
the flask was added 11.0 g (0 .457 g-atom) of magnesium turnings 
and 2OOml of tetrahydrofuran (previously distilled from calcium 
hydride). The dropping funnel was charged with 99*1 8 (0.425 mole) 
of 4-bromoblphenyi dissolved In 250 ml cf tetrahydrofuran. About 
one-eighth of this charge was added to rhe reaction flask, and the 
reaction mixture was stirred and heated to reflux under a nitrogen 
atmosphere. After reaction had started, the remaining charge was 
added dropwise over a period of one hour at reflux temperature. 
The mixture was then refluxed with stirring for an additional one- 
half hour. At the end of this time, the Grignard reagent was cooled 
with an Ice bath and a solution (55-7 g 0.524 more) of 5-phenyl- 
cyclohex-?-enone In 150 nil cf tet rahydrof ur an was added dropwise 
over a one-half hour period while stirring and maintaining the 
reaction temperature at 10-15°C After addition was complete, 
reaction mixture was refluxed with stirring for one-half hour, 
and allowed to stand overnight. The reaction mixture was then 
poured with stirring into 6OOml of saturated ammonium chloride 
solution containing Ice. The layers were separated, and the 
ethereal layer was washed with water and dried ever anhydrous mag
nesium sulfate. The dry yellow solution was concentrated on a 
rotary evaporator and the concentrate, a yellow viscous oil, was

To a 500 ml stainless steel rocking autoclave containing a solution 
of 1.75 S (0.0077 mole) of 1.5-dlphenyleyelohexadiene-1,5 in 300 ml 
ethanol and 50 ml cyclohexane was added 0.4 g 5% palladium on char
coal catalyst. After the bomb was sealed, tne reduction was carried 
out at room temperature and 150 pslg Initial hydrogen pressure.
When hydrogen uptake had ceased, the bomb was depressurized, opened, 
and the solution filtered to remove catalyst. Concentration of the 
solution on the rotary evaporator yielded 1.65 g product which was 
shown to contain 72% 1,5-dlphenvlcyclohexane, 21% unidentified component 
and 7% m-terphenyl by VPC In conjunction with Infrared and ultra
violet spectrophotometry.
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. The oil was 
recrystallization 

Recrystalliza- 
-ave 5 grams

charged with 5.0 g 
•• g 5#

respectively. 
white powder. 
158.5-161°C,

extracted with waiui petroleum ether to remove biphenyl, 
then crystallized from absolute ethanol followed by a r 
from petroleum ether to yield 70 grams of crude diene.

1-(U-Xenyl)-5-phenyIcyclohexane

A 300-ml stainless steel rocking autoclave was < 
(n.016 mole) 1-(4-xenyl)-3-phenylcyclohexadiene-l,5 and O.u  
palladium on charcoal catalyst slurried in 150 ml absolute ethanol, 
reduction was carried out at room temperature and l_?0 palg initial 
hvdroren pressure. When the reduction was complete, the bomb contents 
were washed out with benzene, filtered, and concentrated on the rotary 
evaporator to yield * .8 g of gray-white powder -<
tograpny of the powder showed two peaks comprising 5^-5 and 65-5 area-*, 

Recrystallization from benzene-ethanol gave^crops °x 
The second and third crop melted at 158.5~lt>5 C a. nd 

respect ively.


