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Abstract

—_ pec g
w m— (il samples in sealed treated with gaama radiat.ions from
Hanford slugs have exhibited appreciablo viseusity increasss, ine

tests cunducted at about li0*'CHwith an sure of 6 X 10 shcws 1ittle %
viscuaity change, Ancther series at 33'0 and 4 x 108 )( sxhibits much greater
thickening, Arcuatic compounds are swich mere radiation-resistant than cther
types of aaterials in these tests,

The gaasa dosage in the 140° experiments approxi.ates one-seventh of
that cotained four une month in pile experikents at cak Adse while the dcsaje of

" the 33° experiaments is about equal to that received oy the Uak Ridge samples in
| one acnth, 3ince the guwama flux frun the Hanford slugs 1is approximately 104G /of
%, that present in the do pile, the radiation damage t¢ fluids exposed only te )
gamaa flux asaumes greater sijgnificence than previcusly, suppcsed, .
AN , |

4 New irradiaticn experiments cn possible shield materials have showm that
‘(M,w 7 the lower-bcilin,, cf the basic types of olls developed previously respond
to lnhioitora in much iLhe sawe ways as the pricr fluids, Howsver, the level cf

detericration is greater on certain of the mcre volatlle products, This may be
sxplained in terus of structural differencea, Haterials containing iodine are

still the most effective agents in prciectingz both new and old fluids from

radiaticn damagey ufily brouine of the other coamon halogens lLas a alight beneficial
effect, ] upt.’;mm suncentration of loduoentgene in a diester oil is betwsen eight § -
and per cent fur cne month of irradiation in uak idge at near maximum

flux,

i et W Lendoie AW

(L TE

*

Irradiativn experiuents at 180‘);1(1 220'0)/ are now in proiress in
vak Ridge. All arrangements have been cuspleted for static tests cn fluld sauples

! ' in a Hanford pile, TIhe effects of Increased teuperature and of increased flux are
thus being investigated in this new wurk which is scheduled for completion within
; . the ocaing menth,
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“””'"ﬂ”mﬂpﬁouut half «£ the sa..les of this ,rcu;. have ncw been received at ”xbjm ;
Hichm.na and evaluated, [11s work, co.ducted in ccoperation with =% K. W. Msthes, \
invulved irrsd.iat:cns at Hanford wity, padas rays froe slu-s discharged fro: one of :
the piles. The siugs were placed arcund 3lu:, cans ccntaining the fluild sasiles :
in sealed  lass aafedles, The experitents were cunducted under twenty=fivefeet 2 Sfft;'?é
of water at apcut 33*°C. The actlve slugs werer neplaced pericdic ip order tc L%
aain.ain an avera_e invensity at the samples ef the crder of 5 X 10 hr. This .
is equivalent t. sbout one-tenth of the gamfta flux (109/ gwsdass/cn,2/sec,) received

by samples in the Lak Ridge pile. The satch 1l sauples were t.rcat;% in this way :
for a gericd of abcut slx aontis sO that & total average exposure of approximately

4 )(10? was cbtained, Tnis approxinates the gasama portion of the coabined ex@
pusure given the Gak Hidpe¢ sawples in one wmunth. Thus the viscosity changes noted N
are definitely sizniflicant.

s omaleny, o

d

Tabls l is a sumuar, of the data on tnis group of sswples. Tadble ¥ 2

4\‘(?;uppluncnts Table _I with the Bateh ll exposure histoury, It can be noted that the

aroaatic cunpcunds appear to ne the Mcst resistant to viseosity inerease on buabards
went with the p&ina red.aticns. Such .aterials are alac effective t¢ a lesser

extent in pritecting less stable products frua siuilar datage, The ester type of

oil, typified v; ocuth alkyl and aryl diesters, is da.ajed to a cunsiderable extent
under the indicated ccnditicus as is the ether-linked oil [_-poly(propena c.xido)]. -
The add.tion of irun and coupoer wires to the fluids a.pears to have nc affect on

the viaeosity increase,

Thess data show that dacage due to the action «f gamna radiaticns is !
nct a winor effect and, in all prebability, contributes a uwaterial increuent to
the visccsity increases observed in samples expesed in the pile, Hore quantita-
tive coapariscne of the effects ¢f pgawnaa ravs and pile radiations is tc be under-
takest in the near future, )

-

{.l
satch 12 h
1 |
. % 7 Taple Ll is a suwauary cf the data cbtained cn these samples, These
{ :Zperimonts were ccuducted at RHanford with Zanma radisticns in the saie wanner
a8 was the work of satch 1l. nuwever, the Batch-12 sauple treoated at & _
teaperature of abcut Liw*CJHTer a total expusure of 6 X101 X, The gamaa

flux is apain about one~tent! of the ganama porticn ¢f the coupined flux obtained
in the uvak Ridge pile. The dose is a?pmxbmtely cpne=saoventh «f the gamaa porticn .
of the cne-month Oak nidge expcsure, . .

The effucts noted under the new ccnditicns are auch milder than those :

¢f Batch 1l. Hewever, here ajgain tne superlority <f the arcamatic type of N
cunpo is evident, The allder effects ean pe atipributed toc the lower dose 5
and/or.the hi her teaiperature, It is interesting to notg,that even this cca- !
paratively nild gasas radiaticn decuapused the thickeneriV.l. Liprcver smployed J‘;é
in mpﬁle 520, Thus the beginning viscusity of the .aterial irradiated is higher gﬁ;
*

3

4

than the fanal viscusity, [his saue uffect has oeen noted in ~revicus work with
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" Dats on the A ur one-wesd saaples of this group have alrsady beean j

. . sunsarized ln CRC=NEFL Report o, )%, [he E’ r four-week saaples have now oeen p
§ svaluated, Talle -1-'_5}r Lo & suamary of all «Fthe data on udateh 18 saaples, j%

-

'f‘-{ ., The primary purpous of this work ls to investigate the effeet «f
plle radiativne on low-voiling products which say be sultable fur shield asterials.
Tre acticn «f certaln inh.biters on these and alallar Proeducts is alsc belng in-
vest lgated,

)

-

;/Mt' Petroleus Dh_t.gll.uy:g“;

<k typical material of this scrt exhibits rather high viseconity increases
in the pile, However, the material responds well t¢ inhibitirs such as dialigrl /
selenide, ﬂn.ornll cunuininl, fvdine are even wore effective in this regard, !
The best A%5 velus (0.36) ubteined for a coapounded sample of this saterial ie

inferior to that obtained previcusly for seversl nunjpetroleus preducts,
rerer Ty )
G- " x /
2 @, Alkylbensene (M=) 250) ()

mud has been interesting as a poesible shield material in past -
work, Ths product responds s slightZexsteat to the action of inhibitors both 7
f the oxidation and radieal-reaction t§pes, The ;riAtut Smprovement is ob-
tained with materials containing iodine, The best A%g value (0.17) for a oo,
pvunded saxple of this fluld 1s within the range considered soceptable for
v pouiblo uee under mild flux conditions,

AR :
@ ¢ _ Dimethoxytet rgg____Q_:-_, - 3

m, sieilar te the poly(propens oxide) type of material, was
used in the present work because of ita. physical charscteristice spproximating
thuse desired in stleld materisis, It was found that the new product is damsged
mcre extensively by pile radiations than would be expected frou data on
poly (propene axide). Jtructurel variations (no chain braneching in the glyeol
derivative) aay explain these differences, The new product appsars tc respomd
reaschably well tou the acticn of the_cxidation type of ilnhibitor such as dialkyl
selenide, Iodine compounds are not &8 effective with this compcund as with
other synthetic fluids, Poly(rropene oxide) alsc does not respond well t¢ this

G\ty'p. ﬁ&ﬁmibitcre :

S

.- < The diethyl adipate used in the present work as a possible shield
e asierial has proved infericr frum a visecsity—increase standpoint to the

di{2-sthylhexyl) sebscate smployed in previcus work. This results fron the fact ~
- that the adipate appears tc respond toc & much lesser extent to inhibitors than does
.- the ssbacate, The best inhibitors four both «f thess materials appear to be com-

$ oy N A N - - . T
R B R R s S, P R o STt ¢

pounds contalining i.dine. The infericrity of tha new oster may be explained on
the basls of differenices in welecular structure,

UNCLASSFED



C 7 Ashivitorsy
—~ CSeveral materials centaining comaon halogens were investigated in
di(2-sthylhexyl} sebacate in the hope of discovering new cunpounds as effective
inhibitors, This base oil was chosen cecause of its ablility t¢ respond well to
the acticn of the radical-reaction type of inhibitor frca the standpoint of
~ protection against plle radiations. It was found that icdine compounds are in
& class by themselves among the halogens in this regard. Compounds containing

broaine were cvserved to have a slight beneficial effect, whereas materials con-
«  tainin,; chlorine and those containing flucrine are ineffectual.

It has veen stated previously that lodcnaphthalene was slightly
supsrior to iodcbenzene in certain base cils, The data on Batch-13B sauples
appear to refuts this c«ntenticn, In fact, there sse.s to de little difference
between these two materials and methylene icdide or iodobiphenyl when these
products are used in the sebacate in Sgconmt.nt:lom.

M%cm Product.lé-'z -

<A typleal lubricating oil,heavily compounded with both oxidation and
radical-reaction inhibitors and diluted with I-aethylnaphthalene,was found to
bave an ASS value of 0,28, This fluid is thus relatively radiation-resistant
and aight used under mild conditicne as a shield material, .
..'A-""“--m- .

2, ﬁ(mh.’ffect of Iogfbomong@j

.b/ 7 m&.- data cbtained with various concentrations of this
inhivitur in the sebacate oil, These data denonstrate that the coptimua con
tration of thia inhioitor is susewhere between 8 and l&fi)for four-week exposures
under wild teupsrsature conditivns, (me-week exposures indicate that the optimem
congentration is between 4 and 8@. It thus appears that the icdine 1s dissipated
during the course of irradiation, This has been reported previously, If longer
irradiation pericds are ti¢ ve saployed, 1t would asas that larger concentrations
¢f the ivdine couspound would be opt Laua, '

Cfauchuzomg_,,_,_

_____—-"

@ It will be recalled that the data froa the Hatch 19 saaples, which were
irradiated at X-10 at 140°TZ] shuw that at this increased teaperature the vissosity
increases <f the fluids tested are slightly less than those cheerved at lower
temprratures. Therefore, it was decided to tunduct experiments st 180
2 Yin an effort to investigste further the effect of elevated temperstures,

. _hatghes U and 21 are being irradiated at these indieated tezperatures. Table ¥2 A
, “Tlists the saaples in these twe froups. The flulds eaployed are alsost identical
AV with those used in osteh 19,

a4

. * e /—\
The two new groups of sanples wers introduced into Hcele SiN of the X-10

" plle vn Ootuber 16 and are to resain in the pile until November 20, At vhis time rﬁ,.)]/
they will have recelved radiatiin dosages appreximately equivaleat tc that rey '

ceived by the atch 19 saaples,. ThUNcmssmEDod in this new work resembles



LT

R ALY Y VR TR R

INCLASSIFIED

that used in the past except that the ovens were squipped with typical flat iron
heaters rsther than bare resistance wire heaters, The fire hazard caused oy the
hot wires at elevated temperatures was thus reduced., It isa planned to remcove the
ssiples from the ovens during the week of Noveuver 27 so that these .aaterials may
be returned at cnoe to Richaond for evaluation befure the first of the year,

! 0—-—-—""""
L Work at Hanford e _
) L e
- % The samples (Satch 22) to be irradiated zt Hanford in the investization
of the affect cf aa,nitude ¢f flux were shipped tc—Mr.bathed on November 3. X
These materials are contained in vessals which were specially designed in ocaopout
- tion with Hanford personnel,

A
(é;/ - E!Eliﬂ.l"@ —— h ? M .y

q, § machine drawing cf the containers 'l'hoy weTe designed to
t.hltmd pressures resulting from the complete deccapcsition of the samples congy
tained therein, ensive test work Mas shown that these vessels will withstand
9,000 to 10,000 before leaksge occurs through tre gasket seal, Deforma-
tion cof the cell proper takes place at pressures in excess cf 10,000 pounds,
Sinoe lsakage through the gasket cccurs st lower pressures than t.hia, it is un-
v 37/ likely that defomaing pressures can be attained in actual pragtice, The new 4 _%5'
9{\‘; ’é’pﬂuiun vessels have been constructed entirely of full hard(zsﬁ aluainue with the
sxception of the lead gasket materipl, This was done in order tc permit easy
handling of the irrediated celis after a short-activity deeay pericud,

@/Proccdun @
mw t.o be employed (about uéﬁn) 1s the shortest [Lut”

be obtained at Hanford, The saaples will be placed in the pile in euch

. pouuou"tm. exposures equivalent to one-find four-week irradiations st Osk Ridge

- willhtoé.u.md In this way demage at the two different flux levels can be
readily ocmpared, The uak Ridge experiments will mot be strictly coaparable to .
the Hanford expsriments because of temperature differences and, more inportantly, .
because the Cak Ridge irrediations were conducted in vented nmlos, wvherees .
those at Hanford will be conducted in sealed ommtainers, Thus there is a
defigiency of oxygen in the Ranfcrd sssples, This deficiency is further enhanoced :
by the fast that the Hanford samples have been ssaled under heliuwa, This gas wes
used beocause it doss nut interfers with the asss-gpesctroseter ueasurexsnts to be
conducted on gas saxples from the scntainers. 3

f

Fé&

ot PET o E"& < i

L

—t

The gas samples are to be taken about two weeks after irrsdiatiomn, At -
the sase tiae the pressure in each vessel will be measured snd the oil satple 4
i} removed from the aluminum’ cuntalner fcr visecsity and other asssurements

7
: q—7 Table ¥E lists the identities of the saaples for the Hanford tests.
T These saterisls were chosen because data are available on the fluids at seversl
different teaperetures and flux levels, Then too, thowght wes given to oMaining
. the aew dats on the sans three basic types of lubricants nployod sxtonsively in , ;
past work. ' 1

y 3 i
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T

vxidation Tests
I T i it
;f i = No new irradiaticn werk is fo be undertaken on this phase of the
research., Only reference tests needed for the evaluation of previous pile-oxida-
tion experiments have been started. These are to be completed within the coming
‘. aonth and will perait the sumnary of all of the oxidation-test resulis at an
- i early date,
e
r ﬂearlna_;ubrlcation Tests
;/ﬁ. LT ho new irradiation work is planned for this phase of the problem, The
-~ pearings from the low-speed and high-speed tests conducted in the ¥=10 pile are

being examined mere thoroughly. The exanination will be completed in the near
future sc that these data suay be included in the final report.
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[ =  Wote- ~ rﬂ—at/[ STotalr Viecoeity
i / ook © | “Asp. %oll« '/ﬁpolur o dex
'r \/Snplt Jentity ¥ _rrﬁo(,’ v No v ,1(0,"[{5, x Shi i vigor “lrrad,” |
}{;mt Aefined Nestem 205-25-1 | 489 17 612 [Uson 62,8 [ 720 © 7.3 92 95
nrrmu/m 211 (SAE 30) .
| Solvent efined Wedtem 205-25-2 | 490 16 34k, T U0 J.) 191 46.6 113 118
| Paraffinic #abe g1l (SAE 30) f
-1-205 [-¢ethylnaphthalens i
slkylbensens (MW ¥ 350) + 28 | 205-29-1 | S0 16 3k 356  47.6 || 3 8.5 | -n 0
Mialkyl Jelenide © t '[ C ) L J
Octadecylbanzene -f- 51ﬁnlkyl 205~27=2 | 495 15 ] 338 62,1 35.8 66,6  36.5% 124, 127
eslenide [ ' b
Octadecylbenzens 4 5% Bialkyl | 205-27-3 | 496 | 15 138 | 621 35.8 | b6k b4 124 120 .
rb{lmido T,I’ron & Copper ' | :
yirn . |
Octadecylbanaene ¥ 5% ,ﬁllkyl 205-28-1 | 497 16 | 3 62,2 35,9 67.1 36.2 10 125
_Selenide 4 2,5% Mercapto- |
bensothiatole -4 Tron & Zopper '
)drn ' _
p{ (2-ethylhexyl) Sebacate 205-29-1 | 501 17 4§12 1 69.0 3.4 [T127 ko6 154 150
D{(Z-ethylhexyl) Sebacate |205-29-3 | 502 16 g TWA | 68,7  37.% | 95.3  40.8 | 160 160
2% plalkyl gelenide . . i
Didecyl Terephthalate + 2% i o
Pfalkyl Felenide 205-30-3 | 505 | 16 W, 201 484 [333  s3.8 91 95
| . \ i
Poly(propens oxids) 205-31-1 | 506 | 17 . 412 265 57.8 639 189.6 135 130
i
Poly(propene oxide) + 2% 205-33-3 | 514 15 . 338 | 283 59.5 | 588 0 85.) 135 130
Zonedendrol | l_
Poly(propene oxide}-B 205-32-2 {510 | 15 | 338 95,6 &ded | 140 45.3 165 145
Polr( mp-n 6xide)-B 4 fron [205-32-3 {511 [ 15 | 338 95.6 Alel | 139 ko9 165 140
and res )
|
*See Tuble II for exposure dat !
ﬁ\ '@ 1 o i |

iy vl 4“,‘
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.| Date Zamples Zastalled in £iug Hickets

Intensity in
Samples and OXd SYuge Aemoved
Intepsity in ﬁiug Macket 3/23/%0,
Exposure Pime

Average piponun ;()é )(10"0 N

Sug Kicket

t. 3/2&/‘50

-
i&.

Date ,&/npln nltnl.lod 1n
Intensity 1n
Samplies nul
Intensity in
Exposure Time,

Average sure, ,8/ /pf N@Y/

Date
Intensity, b /2450, J"//)&,,ﬂc’t}/
Samples and 01d Flugs Hemoved
Intensity,
Exposure
Average

sure )(/)ﬁ' le°"\/
" | Date sisples Thatalled i
Intensity, 5/26/%0,

1
mn::uﬁﬁ/?;/ﬁo X/ﬁr(.)(m(‘/

Exposure

Aunge){pooura,,{){r \él

Date
Intensity, 6/26/%0, X/

“amples and d. ugs ved

Intensity, }f

b?(lo\/
Exposure m yu 2
Anngo/!&posure,}(/)if )(10"0'\/

{ Date
s O/117%0, ™
semien a3 1 Al
Intensity, 9/1#/70.,**'/,5&'&‘)(10(/

Exposure Time,

Aversge sure, /H/)lf- ‘fl
Total }Amgt }fponure )1/ ()3 X.LO'-O\/

9iug phekep 2/17/50, /}4

t}(10\3*’

Hlie o>~

s et Aoy
ﬁms 821/, Kife Mo/

les Auuea 10 Mév Flug Buckets

/zzted Pate, /x/)d-‘)(lo-\/
(édc- é{g{_}l{chttl

)‘nplu /nlullod in ){vo,gy ;ﬁcknta

/Aéplcag}fuullod in New ﬁ/ug/éxclut.s

k/24 /%0

5416/:0’

02
1.8

5/26/%0
127.0
6/23/%0
£1.0
28
"3.7

6/26/ %0
= .0
Wh/ao

H
5%.0

8/ 11/50

%"* Ty

i iR T o et

CALIPORNIA “RESEARCH conpomnon
RICHMOND, CALIFOHNIA

h/2k/%0

108.0

5/ 2%/%0
k3.0
29
32.%

s/ 26/%0
117.%
6/23/%
1.0
28
53.*

6/20/%
80."
h/h/ 0

h)
4.0

8/11/%0

10%.0

9/14/50
hl 00

2/11/%0
100.0
3/23/%0
26.%
3
ﬂt6
3/28 /50
127.0
b(m/:o
T.0

28
58.5

h/2h/50
110.%

5/16/%0
055
22
43,5

5/26/50
12k.0

il

28

1 L)
6/26/%
88.0

8/4/%0
5.0
b3
65.%

8/11/%

110.0

9/1k/50
k3.5
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(L suMAKY 9F DMR BN BMICH 12 SEMPLES ‘
TREATED _y{TH GAMMA RAZIATIONS pf ABOUT 140°8, & \ UNCLASS’HED
, — —_
: vIntensity 4t Sample ¥ SS U I g K
Note- Heat v3tart vEnd vV Toral v v Viscosity, S-S . v Y
K Azp. | Zell 3/14/50 17/50 ¥ Vixposurs ¥ Viscosity Index< | v Origdmed  virradistedsn/
sample fdentity ef, ﬁ No. _ iafHry o W 0 mn/""‘ﬁo*ﬁwonygrnd. v _ | 100°F,_ 210°F, | 100°F, 210 Fy,
' ” ” l SO 2 7
Solvent Aefined Western 205-34~1 | 515 | HC-1 102 498 61.9 92 92 so. 62,6 1 525 63.9
)ﬁraffin;c).zbeu il (SAE 30) -
Sethylhexyl) Sebacate 3 | 205-34-2 | 516 | HC-2 103 54,0 64.C 160 160 68.7  37.% 7.1 38,2
2% Dlalkyl Seleride
-
Didecyl Terephthalate 4 2% 205-34~3 | 517 | HC-3 99 50,0 60.8 o9l 9% 265 48.6 . [[T7252  u9.1
/Zﬁ.alkyl Aelenide '
Poly(Fropene Zxi.de) 205-35-1 | 518 | HC-~4 99 45.0 58.7 135 - 245 57.8 | Broken via
~ i shipment
! Alkylbenzene (MW T 350} 4-2% | 205-35~2 | 519 | HC-S D 100 ’ 56,0 63.6 a1 -7 | 356 47.6 T 47.5
;/ﬁnlkyl elenide ]
| Alkylbenrene (MW = 250) + 4% | 205-35-3 | 520 | He-6 08 1 545 4.3 198 se 73.8 38.9 | 49.9 32.9
‘oly(laurvl methacrvlate) 4 ' | '
2% (Olalkyl ,Szlmida -} i
iOctaat‘let:yl'mmzemc +/fron and 205-36~1 | 521 | HC~7 | 100 '| 48.0 &EJ 117 120 62,2 35,6 63.6 35,9
ﬁapper yires ! i ) . J
| ‘ !
lg tadecylbenzene - Sggﬁalkyl ! i ”, i
B;eleﬁide *f'/fron and Gbpper | ' } .
Wires | 205-36~2 522  HC-8 | 99 60.5 | bh.9 12 118 62,1 35.8 62.8 35,8 |
| i ! :
@zbluga out of the pile on March 7, 1950 ) f li
— : R i - ;
ali forni/\ Research G4rporat
Richmond , {Califor ,
\ ,,:i""“"_\\_
e .,
.‘/ ’ \,\% ¥ w&
» . W
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ﬁ Cray BTN P:a AL B L o T /1, ,&/ -10 P;LE j/’\ J;y{' /_} F‘C/IR ‘gk"(s
\{\ l /, LZ/A%” K‘%“al( j/“ xin‘w FLUY ,A’ND B 750 B
N i /) i '-

s 1 A T i S8 T it £ ol - - n%.&ﬂ;ﬁ;;«—‘;_‘-:;» ettt et i i - x:\_;-\_._i_;:\....__i_,.&_ug —'-'"*“‘-“*"-[(‘-—" O K % "ﬁ; / :
L™ s oy — e e S LRl
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