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Abstract

= gt v
(ﬂ"‘"‘““ 0il samples in sealed treated with gaama radiationa from
Hanford slugs have exhibited appreciable viscusity increasss, ine

tests conducted at about 1L0°C/with an expcsure of

viscosity change, Ancther series at 33°C/ and 4 X 108 X exhibits much greater
thickening, Arcuatic compounds are much more radiation-resistant than other
types of aaterials in these tests, .

The gamsa dusage in the 140° experiments approxi.ates one-seventh of
that cotained for ovne month in pile experiments at cak gdge while the dcsaze of .
. the 38° experizents is about equal to that received oy the Cak Ridge samples_in
I ons month, 3ince the guana flux frue the Hanford slugs is appruximately 10@01’
S that present in the X-10 pile, the radiation damage tc fluids exposed only to ,
ganas flux assumes grut.or oignificance than proviously‘t:upposod.

New irradiaticn experiments on possible shield amaterials have shown that

{"/MW the lower-bciling hemedegs cf the basic types of olls developed previocusly respond

to inhibitors in amuch the saue ways as the prior fluids, However, the level cf

detericraticn is greater on certain of the mcre vQlatile products, This may be

explained in teruws of structural differences, HMaterials containing iocdine are

still the mcst effective agents in prctecting both new and old fluids froa

radiaticn damagey fly brouine of the other coamon halogens lLas a slight beneficial

sffect, :2’ e opt.’imm cuncentration of iodcoengene in a diester oil is between eight § -
and per cent fcr cne mnth of irradiation in vak Wdge at near maximum

flux,
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Irradiation experiaents at 180/jnd 220'0)/ are now in proiress in
. vak Ridge. All arrangements have been cuapleted for static tests on fluild saaples
) in a Hanford pile, Ihe effects of incroased teuperature and of increased flux are
thus being investigated in this new wurk which is scheduled fcr completion within

; ) the ocaing menth,

1. _Tables I through Vil
Chart I .
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““""aﬂﬁﬁAuuut half «f the sa..les of this ,_rcu; have ncw been received at ‘X§7M

Hichmena and evalaated, [ris werk, coaducted in ccoperaticn with = Ko N, Msthes, .

involved irrad.aticns at Hanford witi, sahsa rays frue slu_s discharged froc one of

i the piles. The siugs were placed arcund slu: cans ccntaining the fluld sau;les

v in sealed  lass aaéﬁ}}es. The experinents were ccnducted under twenty=five—feet 2
¢f water at aocut 33°C. The active slugs wererreplaced pericdtcalli ip order to

. main.ain an avera_e invensity at the samples ef the crder of 5 X 104 A/hr, This

- is equivalent t¢ about cne-tenth of the gemna flux (10U} gedase/cm,2/sec,) received
by sanples in the Lak Ridge pile., The isatch 11 sauples were treatg% in this way
for a Qericd of sbcut six aountis sO that & total average exposure of approximately
4 )(logzﬂ}ias cbtained, Tnis apprixinates the gamma portion of the coabined exg
pusure given the Gak nidpc sawples in one month, Thus the viscosity changes ncted
are definitely siznificant,
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pu Table ‘ is a sumcar, of the data on tnis group of sawples. Table & 2
\{“suppleaents Table | with the Batch 11 exposure history. It can be noted that the

/ﬂ arcastic cumpounds appear to ne the mcst resistant tc viscosity inerease on buabards
went with the ,auss rad:aticns. 3uch .aterials are also effective t¢ a lesser
extent in pritecting less stable products fruwa siailar danage. The ester type cf
cil, typified v: ooth alkyl and aryl diesters, is da.ajed t¢ a cunsiderable extent
unaer the indicated ccnditicns as is the ether-linked cil [poly(propene cxide)]. -
The add.tion of irun and copper wires to the fluids a:pears to have nc effect on
the viacosity increase,

M These data show that dacage due to the action «f gamma radiaticns is <
nct a minor effect and, in all pribability, contributes a waterial increnent to
the viscesity increases cbserved in samples expeused in the pile, iMore quantitse-
tive coapariscns of the effects ¢f pgausa ravs and plle radiations is tc be under-
taken in the near future, )

(il}._._._._

satch 12 e

b

-
2

eriznents were cciducted at hHanford with ganma radiaticns in the sane wanner
a3 was the work of :satch ll. nowever, the Batch-12 sauple re treated at
teaperature of abcut lLu*C/fur a total exposure of 6 X107 A, The gamaa
flux is ayain abcut one~tent! (f the Jamna porticn cof the coscined flux obtained
in the uvak Ridge pile, The duse is a%prcximately cne-saventh «f the gamua porticn
of the cne-month Oak ridge expcsure, .

L 3
,,(»g -—Z Taple FLl is a sumuary cf the data cbtained cn these samples, These
e

o e~ 4
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The effucts noted under the new ccnditicns are much milder than those
- of Batch 11. Huwever, here acain tne superiority <f the arvamatic type of
- cunpo is evident. The ailder effects can pe attributed to the lower dose
;f( and/or.the hi_her teaperature, It is interesting to notg,that even this cca- -
X ‘ paratively .nild gasaa radiaticn decuuposed the thickene .le Laprcver employed
: in anp§ule 520, Thus the beginning viscusity of the uaterial irradiated is higher
than the final viscusity, [his saue effect has obeen nocted in rrevicus work with

 UNCLASSFED

. ,
£ *# % SR e

£

%
t
%
2
k|
4
o
i
2
k)
E
5
»
3

»

&




g pne

e
:

<4

TR, o TURRE L £ z S
TABP RO TN T TR
¥ + ¥ R i3

ki =

: CLASS
o UNCLASSIFIED T

[ patch 18 o
=

. Data on the A or one-weex saaples of this grcup have already been
. ouusarized ln CRC-NEPFPA Report o, 35, [he g vr four-week saaples have now been
svaluated, Table -l# 1s & suamary of all «F“the dats on uatch 18 saaples,

?‘9&3?3“«
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'f‘-{ 7 . The primary purpieue of this work ls to investigate the effeet ¢
pile rediations on low-veiling pruducts which way be suitable for shield materials.
Tro acticn of certain inh.biters on these and simtlar Products {s alsu being in-
vest lyated,

‘/Mt Petrolewa Di‘_‘-}&l‘“@w =

Crtmod material of this sort exhibits rether high viseoaity increases
in the pile, Huwever, the material responds well t¢ inhipitcrs such as dialkyl
selenide, Materials containing fuvdine are even wore effective in this regard,
The bLest A/st\) value (0,36) obtained for a cuapounded sample of this aaterial is

inferior to¢ that cbtained previcusly roN'uvoul nunjgbetroleua preducts,
e N
>/
% d,_ Aliglbensene (Mi(3) 2 LD s

C This fluid has been interesting as a pcssible shield material in pest
work, The product responds $e-t slightZexteat to the action of inhibitors both
¢f the oxidation and radiecal-reaction t§pes. The ;N/Qtilt improvement is ob-
tained with materials containing iodine, The best A%g value (0.17) for a comh
puunded saample of this fluld 1s within the range considered escceptable for
possible use under mild flux cenditicns,

)
> ¥ Dhethw&ct%ﬁ .

This cuapound, similar to the poly(propene oxide) type of material, wes
used in the present work because uf its. physical characteristices approximating
thuse desired in shield materials, It was fcund that the new product is damaged
mcre extensively by pile radiaticns than would be expected frow data on
pol, (propene axide)., Jtructural variations (n¢ chain branching in the glyecol
derivative) aay explain these differences, The new product appears tc respomd
reascnably well tu the action ¢f the oxidaticn type of imhibitor such as dialkyl
selenide, Iodine compounds are not £8 effective with this compcund as with
other synthetic fluids. Poly(propene oxide) alsc does not respond well to this

é:\typo oLMibitcr. .

.M
/i ,Lissters

The diethyl adipate used in the present work as a possible shield
msterial has proved inferior from a visecsity—-increase standpoint to the
di(2-sthylhexyl) sebacate employed in previcus work. This results from the fact -
that the adipate appears to respond to & much lesser extent to inhibitors than does
the sebacate, The best inhibitors for both «f these materials appear to be cem-
pounds ocontaining idine. The infericrity of the new ester may be explained on
the basis of differences in wolecular structure. v
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ii: # Inhivitors
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—~ C Several materials containing comacn halogoens were investigated in
di(2-ethylhexyl) sebacate in the hope of discovering new cumpounds as effective
inhibitors, This base o0il was chousen because of its ability tc respond well to
the acticn of the radical-reaction type of inhibitor frca the standpoint of
+ protection against pile radiations. It was found that icdine compounds are in

& class by themselves among the halogens in this regard. Coampounds containing
bromine were cvbserved to have a slight beneficial effect, whereas materials con-
<  taining chlorine and those containing flucrine are ineffectual,

It has oeen stated previously that iodcnaphthalene was slightly
superior to iodcbenzene in certain base oils, The data on Batch-18B sauples
appear to refute this ocntenticn, In fact, thers see.s to oe little difference
between these two materials and methylene icdide or iodobiphenyl when these
products are used in the sebacate in concentrations,

M@cm Producta:;'z -

<A typleal lubricating oil heavily compounded with both oxidation and
rsdical-reaction inhibitors and diluted with I<aethylnaphthalens,was found to
have an ALY value of 0,28, This fluid is thus relatively radiation-resistant
and aight used under mild conditicns as a shield material, -

2 ﬁ(MEffect of Iodcboazom@ ) 5

5 =7 CTable # sumarizes data cbtained with varicus concentrations of this
inhibitur in the sebacate o0il, These data demonstrate that the optimua con
tration of this inhioitor is sunewhere between 8 and 16f)for four-week exposures
under wild teapersture conditicvns, C(ne-week exposures Indicate that the optimmm
concentration is between 4 and 8@. It thus a rs that the icdine is dissipated
during the course of irradiation, This has been repcrted previously. If longer
irradiation pericds are tc ve eaployed, it would seea that larger concentrstions
¢f the icvdine compound would be opt Laua,

s

/ Batches 20 and 2) . .

——

@ It will be recalled that the data froa the Satch 19 saaples, which were
irradiated at I<10 at 140°TJ7 show that at this increased teaperature the viseosity
increases ¢f the fluids tested are slightly less than those cbeerved at lower
temjrratures, Therefure,) it was decided to ccnduct experiments at 180
2 Yin an effort to investigate further the effect of slevated temperstures,

) Hatales 20 and 21 are being irradiated at these indicated temperatures, Table ¥2 A

.,' {(ﬁnu- the sasples in these twe groups. The fluids employed are almost identical

s

with thouse used in vatch 19,

« * ~ /\

The two new groupes of sanples were introduced into Hcle S4N of the X-10
plle on Ootuber 16 and are to remain in the pile until November 20, At vhis _time __ Mi
they will have received radiaticn dosages appreximately equivalemt to that rég

ceived by the Batch 19 sauaples, 'mUNC\mssmEDod in this new work resembles

J———— 2
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that used in the past except that the ovens were equipped with typical flat iron
heaters rather than bare resistance wire heaters, The fire hazard caused by the
hot wires at elevated temporatures was thus reduced, It is planned to remove the
ssaples from the ovens during the week of Noveuver 27 so that these .aaterials may

be returned at cnee to Richaond for evaluation befire the first of the year, ot
(e 4
[ work at Hanford ¢ 2
Jee e 4

- % The samples (Batch 22) to be irradiated at Hanford in the investication
of the effect cf ma,nitude of flux were shipped to—Me.—bhathed on November 8. X é

-

(0

3

.

These materials are contained in vessels which were specially designed in coopersq
tion with Hanfourd personnel,

"
‘Lﬁ

m.a.i.ncr

rs;}f/ el
! 7 machine drawing <f the containers) They were designed to

thstand pressures resultin., from the complete deccapcsition of the sanples cony
tained therein, ensive test wurk has shown that these vessels will withstand
9,000 to 10,000 before leakage occurs through the gasket seal, Deforma-
tion of the cell proper takes place at pressures in excess cf 10,000 peunds,
Since leakage through the gasket cccurs at lower pressures than this, it is un-
likely thst deformaing pressures can be attained in actual prectice. The new o
pressure vesselsyhave been constructed entirely cof full hard th the %
exception of the lead sJasket materipl, This was done in order tc pemit easy
handling of the irradiated cells after a short-sectivity deeay pericd,

@/Procodu—x:‘g/p )

< The irrsdiation period tc be employed (about 14 Ec/;n) is the shortest W
wkioh can, be obtained at Hanford, The saaples will be placed in the pile in such
positions &:::.‘xpoouru squivalent to enrh four-week irrediations st Osk Ridge
will be o In this wvay damage at the two different flux levels can be
resdily ocmpared, The uUak Ridge experiments will mot be strictly coaparable to ¥
the Hanford experiments because of temperature differences and, aore importently,
because the Cak Ridge irrediations were conducted in vented npoulos, vhereas B
those at Hanford will be conducted in sealed oontainers, Thus there is a

defieiency of oxygen in the Hanfcrd ssmples, This deficiency is further enhanced b
by the fast that the Hanford samples have been sealed under heliua. This gas was
used beocause it doss nut interfere with the sass~spectroseter wsasureunents to be *

conducted on gas samples from the containers,

o3

The gas samples are to be taken about two weeks after irrsdiatiom, At
the saue time the pressure in cach vessel will be meagured and the oil saaple
removed from the aluminum’ cuntainer fcr visecsity and other asssurements

s Wt b B 3

7
—) Table ¥ lists the identities of the sasples for the Hanford tests.
These saterials were chosen because data are available on the fluids at several
differeat teaperatures and flux levels. Then toco, thowght was given to obtaining
the mew data on the saae three basic types of lubricamts nployod extensively ia .
past work. '
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Uxidaticn Tests
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No new irradiaticn work is to be undertaken on this phase of the
research, Only reference tests needed for the evaluation of previocus pile-oxida-
tion experiments have been started, These are to be completed within the coming

‘. agonth and will permit the sumnary of all of the oxidation-test results at an
- early date,
T

LN gearing-lLubrication Tests

/7}/ ~ T Mo new irradiation work is planned for this phase of the problem, The
vearings from the low-gpeed and high-speed tests conducted in the X-10 pile are
being examined more thoroughly., The examination will be completed in the near

future so that these data usy be included in the final report.,
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[ h v Note- ~ Viecosity
i voook 7 “Agp.v dex @
N,j)\"‘ ! \/Sanglo}/ont.it,’ 4 5,{(9(,’ e % rig.” vxrrnd.’yé’/
1’“6 ‘ /P{n.m Aefined Mestem 205-25-1 | 489 92 95
nrnnu/umml (SAE 30)
L. . Solvent Aefined Wedtem 205-25-2 | 490 16 34 L0 3. | 191 0 k6.6 g 113 118
v . |Paraffinic 011 (SAE 30) | .
J . 4 20% f%thylnaphthalmo ; : ‘
| X
| Mlkylbensene (MW ¥ 350) + 28 | 205-29-1 | 500 16  3u4 [35 7.6 LL 372 u8.5 | -1 oj
 Pialkyl Selenide * ! |
i *
Octadecylbentene + Si/n{llkyl 205-27+2 | 495 15 ‘ 338 62,1 35.8 66,6 ' 36.5 124, 127
elenide { - v
Ogtadecylbenzene 4 5% Blalkyl | 205-27-3 | 496 | 15 138 | 62,1 35.8 | 66.h 36,4 124 120 .
r6/:1«11(10 T)/ron & Copper ' (
yirn . C :
Octadecylbensene ¥ 5% Malkyl | 205-28-1 | 497 | 16 | 344 62,2 358 | 671 36.2 104 125
_Selenide 4 2.5% Mercapto- n ‘
bensothiazole 4 Yron & £opper ' 1
)lirn : j
Di(2-ethylhexyl) /S/obacnto 205-29-1 | 501 17 412 E 69.0 37.4 Em kh.6 i 154 150
D{(2-ethylhexyl) Sébacate— | 205-29-3 | 502 16 Il ‘ 68.7 37.% | 953 .0.8 | 160 160 |
2% plalkyl Selenide . i
| |
Didecyl Terephthalate + 2% I _
plalkyl Felenide 205-30-3 | 505 | 16 34 L2l 484|333 53.8 91 95
Psly(propene oxide) 20-31-1 | 506 117 2 265  57.8 639 '89.6 | 135 130
Poly(propene oxide) + 28 205-33-3 | 5w | 15 . 338 283 59.5 588 - 85.3 135 130
ﬁnodendrol , L_.
. Poly (propene oxide)-B 20532-2 | 510 | 15 | 338 95.6 AL | W0 45.3 165 1S
Poly(propenafoxide)-B + fron |205-32-3 | s11 | 15 | 338 95.6 AL | 139 kke9 165 10
. and Zopper Mires . s
' g ’Soc Table II for exposure dat.a@ i

Califomia Research Coﬂrpouuon
Richmond, California . ‘(}
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Date %mples Zastalled in ,&/lug ﬂckct
Intensity in Slug Phcket 2/17/50, /(}4',)(10\?’
Samples and 0Xd SYuge Aemoved
Intensity in /S’iug Macket 3/23/%0, /ﬁzxm‘(}/
Exposure Pime
Average }ipoouro ,R/)é )(1 gee ¢

(] n ‘C
gty g ;«:"ﬁmmv,ﬁ o

?::fz];::t;uiln ;.kotl k/21/%0, //}6‘6#0(/
Exposure PTime,
Average sure, / )!f F@/

/S‘Ipln )éulled in Mév giug Buckets

1

Date

Int’”“?n l‘/ﬁo) )(/)fi'bﬂo\}/
Samples and Gld Fiugs Removed
y g;:-‘;:y, /xzud pate, /:/\)n’- L)(lo-\/
Aversge ure, }(/)6' ")(10 -l
gty {72:7;373% G
Samples and 014 _giug Fesoved
Intensity, 6/?5/')0 /ﬂrLXlOQ/

Exposure

Avornge}i’pocure, )()(r%l

Date ples /nuullod 1n ov/{ pﬁck-u

Inti‘n;:lty, 6/ /50, ‘\}
“amples and ved
Intensity, /h/“)O, ﬂ )(10\/
Exposure Fime, ,‘ &
Anr-so/!&posure,/(/)é )(10‘0‘\‘&

{ Date les Jﬁ.unm tn New sug Suckets
Intensity, 6/11/%, K, ?xmv/
Samples and ld lual ved

Intensity, 9/1k/50, /K)ﬁ-&*m(/
Exposure ne, ~(’
Average nre,/x/)lf;ﬂ 0-""\/

Total Marage Rposure, Rj ;)(10(“\‘/("
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CALFPORNIA "RESEARCH coarom'rxon
RICHMOND, CALIFOHNIA
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n. ; Y ~ g Y
¢ . :‘o.:

62.0 51.6 v
3/es/50 | 3/2h/%0
127.0 127.0
k/21/50 | b/21/%0

k9.0 7.0

28 28

9.1 58.5
b/24/50 | b/2h/5%0
108.0 110.%
5/2%5/%0 5/16/%0

43.0 t.J55)

29 22

52.% L3.5
3/26/% | 5/26/%
117.9 124.0

(?3/50 6{:5/50

55 2 -sé.s
6/26/% 6/26/%

80.n 88.0
8/6/0 8/&/-\0

o A 3%.0

43 43

8.0 63%.%
8/11/%0 | 8/11/%0
10%.0 110.0
9/14/%0 | 9/14/%0

§1.0 b3.% ‘

3k 34

9.9 62.6
3k b
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C,s;‘é)zay of DMK oN BNMICH 12 SAMPLES

| -

ol n g TREALED WITH GAOMA RAZEATIONS #T MBOUT L40°C, & \ UNCLASS’F’ED
' . 7 v#Intensity dt.j;nple v -f// géu/ lw A
) Note- Heat vStart v vEnd ¥ [Aotal? v'Viscosity, S.8.W. ¥ '%.
. K Amp., /ell 3/14/50 17/50 ¥ MExposure ¥ Viscosity Index” | v Oripiaar v Iirradiatedn/
Wg/a‘_7 Saugple/ﬁenti!a_ )?:1". ﬁ:. /)(o. g/Hr. g ! 0 /»/H./'\, i;O"(’ Orig” “Irrad. v 100°F, 210°F, ! 100°F, 210‘?‘74
I e ” . '2 Y. 7]
M Solvent /(eti ed )/stem 205~34=1 | 515 | HC-1 102 49.8 61.9 92 92 504 A2,6 ‘ 525 63,9
}éraffin;/cﬁbeﬂl (SAE 30) [~
-ethylhexyl) Sebacate -"‘ 205-34=2 | 516 | HC=2 103 54.0 é4,.C 160 160 68.7 37.5% 7%.1 38,2
2% Dialkyl feleride
! f—
Didecyl Terephthalate 4 2% 205-34~3 | 517 | HC=3 99 50,0 60.8 ) 9% 245 48.6 . {252 49.1 |
alkyl Zelenide ‘ ;
Poly(Propene &xide) 205-35-1 | 518 | HC-4 99 45.0 58,7 135 - 265  57.8 Broken via
_ | ’ shiment
! Alkylbenzene (MW = 350) 4-2% 205-35~2 | 519 | HC-5 100 ’ 56,0 63.6 o -7 L.356 47.6 T W7.5 |
| Dlalkyl Selenide .
| Alkylbenzene (MW = 250) 4+ 4% | 205-35-3 | 520 | HC=6 108 i 54.5 56,3 198 68 73.8 38,9 49.9 32,9
- oly(laurvl methacrvlate) 4 : i
21/61a1ky1 eleride ‘! i
|0ctadecylbenzene + fron and | 205-36=1 | 521 | HC=7 | 100 L 48.0 &44 117 120 62,2 35.6 | 63.6 35,9 |
Fopper Yires T . . 1
i : )
Ogtadecylbenzene + 5% Hfialkyl ! ' . |
,Bfele“idef/(ron and gépper ! ', ’ i i
Wires | 205-36-2 522 'HC-8 |, 99 60,5 | 4.9 12 15 62.1 35.8 | 62.8 35.8 |
[ i | i
g\'bluga out of the pile on March 7, 1950 %) f 'i
.—-—'7 = ’\-—‘ L -y ‘
- alifo rn{\ Research srati
/\ML Richwmond, \Califor m)./(/ .
. [/""‘*\
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N THE Razfmon DAMAGE 20 DY 2~ pTHYLEEXYL )SREACATE
s!ﬁrus%sm zﬂs X-10 PILE

bt S

)“,}J\V = STV TR ; sage(N),~ p-
(Wmentnuon; Fotébook™” !V%t-/wmtch v Pifeutrons /ca® | ~Aag v
. _S[foPerGess by Meight bxe(f;n!y‘oj"_ . /ji%.’ X10v 8~ ek |4 woe
W’V& 0 y460-25-2/ | v 6797 | viBaY '+ /0.3287 .11
NJ" 0 b60-28.2 ) 58¢ 188 1.35 0.85 65 :
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