o
T
i

H)
~a

~ A3 Grendrger
- WY Weirle

B 2ast

- UE Woelds

~ WE Johason

- BH Syrovy

ottt HN-2483

oL

-

A D
s

iy WathaTh

iy

Cesd TN

This Document is Publicly

- U Stooblisr
Available i :

Ta Monbgomery
- AR uchn, oY
- 0% Eotaferd
- J¥ Vast
~ L Fedding « ¥ {oohreoehs
.« Butra Copy
- Bubra lopy
- 30O File
fow T00 Pile
8§ « Pink Copy
= ¥ailow Cony

it

wt
3

Mareh 29, 1040

. ~ i gy . This doc sis
EEPORT ON GRAPETTE TESUIIG ¥C71 23 PI1D D -

-Pages. No,
: - , co m«m-.

Then the testing prograr for DR was started i Rovember, 1997, considerebie
Aifficulty was experienced in finding iiiersiure deser: i ng provedures
repults, api anslyses of the testing done Lor grior conghructhion. o
report is written in detall to proviie & hasis for eny futwre teating
ag well as o furnish a compilation for cuyrent nse.

DY

Sumary

The grephite testing wae accamplished Ty wmeans of o sowles of Punchisnel
zests in the 305 pile, eceompenied by pertiacy: chemleal. smolyees. e ol
the first charvecteristice of a graphiis beah ¥ aze.. Becenn apparent @ the
rolatively poor quellty of ths bottom jaye W odm the2 farpecse. ba ;z
recult, esch heat was divided imto en “C7 fraciicn and en "IV freeslon fo
testing and ellocstiom. The "N Practicn covrsied of the e i ’wicr
section of the hoeatl.

Farly in the testing program, United Corhon Profrets Corpmmy off Bey City,
Michigan, doveloped s method of removing & conplisrenlc prrociteges of the
smpuritios remeinizg in graphite after the grephiiizalbich process. The
purification process wus modified snd used %o proiuce lerge oo of
purified grophite at the Morgantom, Novth Jarclive ples’ of the Tablooal
Cerbon Company for use in the IR pile.
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Tre purity resched. by the grapalte treated in the "F', or purificatica,
Puwrnaces, was considersbly higher than vwas expected. Csleuwlations eghowed
that other imp ies then boron and vanadium were present in the uwnpurified
zrephite agd Wery removed by the " process. Subsequent investigation
shoted thet thead impurities were rere carths, speciflcelly samerlum., europlum,
em%& gedoliniuh.
@'3 grépuite sllocated to the gresn zone of DR plle comsisted entirely of
Maiiicd graphite. The average Aik of this wateriel was + 0.946 with an
avercge density of 1,718 gmfem3.

'z"‘i.’? white zone haf an averags ik of + (.28 end an average demsity of 1.687
aufens, ’

Lb? bive zono had en average Aih of + 0.121 end an average density of 1.666
gufere .

‘gﬁ }%é cone had en aversge Aih of -0.030 and an averege demsity of 1.672
c%e

Colonlctions basefl on ths above velues show thaet the DR pile should have a
roactivity epproximately 400 imhoure greater than the averege of the D gnd F
wiles et stertup. The average demsity of graphite in DR is 1.678 gm/em’.

Dotedls

Tontivne Methods sand Stenderds

The grevaite ussd iu the consbruction of IR pile wes sepregated into varicus
guaelity grades by means of functional tests. The sample bers were compared.
witl, bers of kmown quality to Tind their relative effect upon the reactivity
of the 305 test pile. A group of twe hundred bars of CS graphite was chosen
es veprosentative of the geayhlte ueed in the 1943 end 19hY comstructiocn, amd
of thess, two bays of cbout averege density and puwrlty were gelscted as
shavderds., These were used as macter stenderds apd designsated as 3-5-3 and
S.Geitd A1l functionsl tost resulie mede on grephite for the B, D, and ¥
riles ja 19kk ap well es the rocent tests on IR grephaite ave relative to thease
sepe mesver sbandeeds. A1l Alh veluves can therafere bs compered directly. in
ordetr to preserve the mester standards they were cply used for periocdic chacks
egainst swother poir of "working” stundecds known &5 h-8-3 end L-£-h.

£ Fuactionel teost comsists of placing the peir of rhanderd hers in the ceniter
¢f the pile by ueoans of a vemovable grephite stringer, wnd caleuleting the
roectivisy of the pile in lmbours. %hen the two ctendard bure ars replaced
ty the sumple bars, and the aew reactivily is escextaived. The differczce
betwveen the tws inhkour resiings is vocerded asz the dik of the twe sample bers.
£ cusreciion is ther mede for the density of the bers, snd for the differerce
in pur’ty and depsity betwsea the working and master slendards. The fiunl
result, or 434 of the tue tar seuple, is the differonce in irhouxrs hetwen
the recebivity of the 205 test pile with the mastey stendards in plees, and

ie o iaodiehed by the 4ih, but whose de g 53 She 5 & ﬁuig@ & the macie?
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awmim’asa " mﬁ? =0 obbain the effeshive aik Jor wse in 105 type plios

. 16 noeessery 23 oid & densi ty correchicn differaas from the ne used in tbo
?0“‘: Pile (b@m&e the effact of chenpes in Aensity is nobt the sewe In Uhz L¥wo
ms of, Plies3). The effective £3h is the measure of quality used In sers-
at:@{r ggrmhi L@,

g %,\

v

Ta the couene of the tosting reogrem, 1t became neueasary to tesh here one,
three. spd four at @ time a3 weil & Ia paivs. Foo the single Luw tes s,

she ganrle ber repleced one of the stendard bars, ond correctlon Fachors

were celsulated so that t}’e, Aih, if wymaltiplied ’tx;» swe, would pive the correct
peguls for e bers of ecusl puity. The four bay test recessitoted Thz
choosing of two more e«m'l,:ing steaterds )«'«-3 and G-Sed.  Two graphite @‘b‘%‘mgg-
side Wy side, wore used In Your bey tesh ipg., Qowe ,vm.ou facktors spain were
asnlowiated mo that the fine) vesuit couwid e 4iwided by twe, 3‘1.=:q'a.s.n Hdns a.
Adb agual to the everage of two doubls bar tests.

The “ree bar tesho were & combinatlon of sivngle ad two bar tests, uslag twe
striners. Four more working stauziardm , 1§, ¥, 37, oand WP, wewns cnos-‘s:m
whan hesting of purified s'raphita bacaus routme. These stendexds ave 2160
yeified bwre, and new ccxrection factors wirs cal sulabed for thelr wssr, An
addislonel refinemen’ fovr siugle ber cem*rg wer tie use of two hall-lL: Jg,n
shardayds for conbering She suzple ber in ths plie’. +

Sampling Procedirss ., Topwrifisd Svophite

. o,

Ko the beginning of the testing program, the dccinion wes made %o uge =
sysiomabic semp.ing systen, vather them a rerdom r »thod guch as thab w mﬂ
i prios comstruchion. With o wise cholee of sample heve, ey syshemscic

trend dn purity chould ho discovered,

Tee srephite was mumufactured by he Fational Carbon Coupeny, iac. of
Cieveland, Ohlc, ab = plant ia Mozrﬁam,caz., Torth Ceroline. The unlt ol &‘yﬂw‘ﬁ'q

memufaciire, produced in one furpace, is Inown as o heah, end coasiets of 3E b
The graphitizatica furnace is lceded with ceven loyers ¢ geephite bave, cash

leyer conbeining forty-eight ders, There ore HEre s t»xb:'m. vers &b seoh omi,
Lwo bexs on stooks one end Powbty-sight, :ofl <pe opel on stecks two andl Fosty-
EOVET,.

The {irst sarpling systum used consisted of ten seuple vars per heat., The
loestions of thoe sample bars are ziven in the fellowring teble.
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FIRST SAMPTIIRG SESYIA

Seaple Bar io. Btaek Layer (awbersd from ten)
I i 1
Ix iz 1
IIX 12 L
r : 12 T
v . 2k 1
VI . 2k %
VII 36 1
Vil 36 b
Ix 36 7
X 48 3

This sampling system was used ou the Pivst nlnety beets of S and X© grepbiie.
The bars were tested in peivs: I and X, YT and VIT » IIT and VIII, IV aud TX,
V end VI. Samples IV end IX gave consistently lower Aih values thon dld the
other pairs, with the possible exception ¢ I end 3. On the basis of thess
Lests, the decislion wos made to divide 4he hests inte "F* amé "0" fractions.
The "N" fraction at first included the three stocks of bers on elther ead, end
the lower three layers from sash Purpece hest, Lefizy, after a complete hent
Liafl baer tested ons ber at e time, (heat C8-100), tie divieion of ha hent
¥as caanged so that the "W" fraction contained onmly the botiom layes of asoh
neat. The upper slx leyers constituted the "0" frastion. This zonlag sveihen
was continued untll graphite testing for D% was comdleted.

The resuits of testing esch bayr from heat 28-300 shiowsd theb every bay ia
the bottoem laysr of the hest wes distinetly laferior in parity o the bars
sbove it (Toble IL}). A gradual decresss in purity -es nobted Trom top Ho
bottor In the uppsr vix layers slso, dbub it 1id not compere in mogritude
with the decrease epperemt in the botiom Loyue-,

Fifty baws wmre t2stzd singly fronm host CH-132, and the aversges for the
bars from sech layer sre glven in Teble IL. This hoat was ralsed to a higher
tempeorature in the grephitizetion furnsce than was yormal » &ad held for o
lemger tiwe at this clovated tempoveture. The Gotal energy input wes
approxinately douvble tie normal eacunt. The same gemersl trend of purlis
egpparent in CS-100 is in evidence in this heat.

Pifty bars of XC-2L4 wore tasted singly end overage veluves by layors ere

chown in Table II. Approxiuately the eame purliy pestern wes found in thic
heat ps in CS-100 and C8-132. The pottern does nod seem to be iufluenced

w'""”'"*ﬂfcmss/ﬂfo
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TABLE IT
Adh VALUES BY LAYERS

€8-1.00 cs-132 KC-2h
1 0.235 0.283 0.240
2 0.215 0.301 G.273
3 0,204 0.293 0.292
L 0,204 0.270 0.267
5 0.177 0.270 0.251
6 0.152 0.227 0.235
7 -0.10% -0.118 0.036

The insdequscy of t3n semplie bers per heat became epperent, so after the
first nirety heats hed been tested, a new sampling system was put lnto
effect, The number of semple bers was increased to twenty-~two. The
foilowing teble glves the positions of the new semples in the furnace:

TABLE IJT
REVISED SAMPLING SYSTEM

Stack Loyer (numbered Prom top) Semple Number
i 3, 5 1, 2

6 L, 4 7 3, &, 5

e 3,5 6, 7

18 iy b, 7 8, 9, 10

el 3, 0 11; 12

30 L, 4, T i3, 1, 15
36 3, D 16, 17

he L, % 7 18, 19, 20
L 3, 3 21, 22

Heets up to end including CS-147 ware tested using all twenty-iwo samples.
At this point the menufacture of CS graphite was discontinued irn favor of
R productfon. When production of CS was resumed at heat {216, the heats
wore being divided into "0" and "N fractioms. Statistlcel enalyses shoved
thet the npumber of semples could be safely reduced, so only sixteen of the
wvemty-two semples wore tested. Twelve samples were Trom the "oF frecticn
end four from the "N" fraction. This systenm was used for testing all
subsequent vapurified hests for DR consiruction.

Cuemical Analyses

Ab verious times tlpoughout the testing program, chemicel analyses wore made
on graphite bers. In the mejority of cases, the elements amelysed were boron
and varedium, sincc they wese the only importent neutTon absorbers known Lo
be in grephite. Al enelyses were made with esch boron and vangdivm enelysis.

SOTPIENTING DECLASSIFRD
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A formvle was developed for use in celeulating the Ailh of a pair of bars
from tee amount of boron and vanadium present. The formula is o8 follows:

Ak = @u (1.28)(ppm. boron) - (0.00131){ppm. vensdium)
*»
(It m{ laye? found hat 0.50 works better thar 0.42 in thie Pormaila.)
: L3

- Samgles taken from o slice firteen inckes from oue end of graphlte semple

‘baes of the first feov heets were enalyzed both et Henford and at ¥-12 {Oek
'kidge, Tennessee). “he Aik values calculeted from resulis of theze tesis
did not correlste very well with test pile results. Suspicion that the
boron centent of & L ls non-uniform was confirmed by resulis of anslyses
on representative sciples fron bars whilch had been completely ground up and
mixed thoroughly. The values of caleulated end test pile 4ih then checked
clozely. The formmln camnot bo expeected to give correct results on sorified
grasnilie, however,

Puritied Grophited

The average 4ih (veighted according to the effectiveness of the verious ZOLOS )
of the graphite used ip piles I and F is + 0.15, 'The purest graphiibe used

in these plles hed & 4ih velue of about ¢+ 0.32. The main impurities lmown
to be present in graphite at the beginning of IR testing were boron end
venadium. A& method Jor rewoving these impurities was developed by the

United Carbon Producis Company, of Bay City, Michigan. In bried, the method
consisted of edding reon ges vt a high temperature. It decomposes into
chiorins and flworin: ges, which unite with the metallic icns in the graphite.
The volatile helldes ave swept oub, as the furnmce cools, by e strean of
nitrogen ges. The first bevs of graphite produced by tals methed gawe din
vaiuss as high as + 0.40. .

The purifiesticn grovese wes nodified end used by Wetiomal Carbon Company in
the mapufacture of Lurge smourds of purified, or "Pinishes”, graphite. The
aguel graphite type letters were followed by an F to dencte Pinighed graphits.
Thus, €5 graphite which hed been stbjocted to the puirification procens was
labelled CS¥.

In detail, the original procedure wged by Nationel Carbon Company wes as
follows: Acheson graphitizing furnaces were converted Lo purify sizty-eight
Pull length bers in o glngle legyer. (as disgtributica tubses were placed under
eech bar, and the tubes ard bers were covered by powlsred coke, The hest was
supplied by an electiic curvent passing through the furasce. Ths furnace
was soaied from the wimogphere by o stecl sheet on top and masonry on tho
zides and exds. On the heating cycls, vhich required from % to 5 lLours,
carbon tetrachlorifs vapor wes swept into the furnece by nitrogen ges wnbtil
the tempersture resched 2000° C. Freon wns substituted for CCly svd nitrogen
2rog 2000° € upbil the peek termereturs of sboub 2400° ¢ was reached and
antil the furnece couled off sgain Lo 2500° ¢, CCLy, amd nitrogen weve agein
a8ded wisil the furnuce ecoled to 1000° €. The nitrogen wes allowed vo Flow
Tor usix hours ag e Turther susen. The entive cooling cyele reguived ahout
shirty-siz houesi,

QNPT olissr
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Each ber in the furnace was numbered consecutively from one end to the other,

Semploe bars wore teken sysiematicelly from certain positions, depending on
the information desived,

X ’-’-J ine ia the graphite wes causing the trouble. Apperantly the
2 ghlogine, which forned by decomposition of the Preon end carbon totrachloride
_,, W high temperetures, wes adgorbed on the graphite or united chemically with
urities and rexained behini after the cooling ¢yele. ‘The purificetion
procedurs was charged to omlt the CCly, on the eooling ¢ycle. The maximum
Lerperature reached was intressed to sbout 2500% C. Oa the cooling cycle,
the freon addition wes stopped at 2000° ¢ and nitrogen was used us e sweeping
gas until tge furnace cooled to 1000° . At this point, ali gas addition
was stopped®,

Subsequent experiments Quring the graphite testing schedule for Im brought

to light several more fecte sbout the purification process. To obtedn the
purast poseible grevhits, it is necesgary to add chlorine in some form

during the heating yeriod while the tamperature 1s between 1000° ¢ ang 2000° ¢.
Chiorine is as good as carbon tetreckloride ard nitrogen in this regpect, If
chlorine is substitvied for freon as e Purifying egent, the purity of the
grephive is reduced slightly. The smourt of freon used is not eriticel.

If nitrogen gaz i3 used throughout, with no other geses added, abcut oupe-third
of the neutron absorbving impurities are vemoved that are removed by the
regular process. The value of the finnl sweep by nitrogen wes in doubt et

the end of IR testing. It was also discover=d that purer graphlte can be
produced by using two layers instesd of e in the purification furnace.

Rare Berths in Graphite
At the beginning of he testing schedule, the only impurities with high

cepture cross-sectioas known o be present in the ‘aphite were boron sad
venedium, Quantitstive chemicsl anzlyses wexre masde on thege dwpuriiies,

The maximm Aih for e two ber sample was ebous + 0,50 corresponding to =n
atomic capture cross-section for cerbon of en essimsted 1.06 #ib. Fowover,
as the puwrificetion process progressed, it beccume apparem: thet a 41ih

of greater thsn + 1.00 could ke achleved. This gave carbon o maxinom atomlc
crosg-sectlion of ersund 3.6 mb., end required the presence of other high
cross-gection impurities in the unpurified graphiteo.

In varicus analyses ¥ induced redloactivities in unpurified geapbito at
Henford rates of deecy were discovered which corresponded closely to
published values of kalf lives for cortain rere earth elements. A series
of experiments wes wdertakea td Getermize which rere earths were present
if ey, and ln whet cmouats, 4% the end of the IR tosting period, it was
epperen thal europicm, samarizn, apd poseibly gedclinivm were the rare
earthe presant, smd thelr remowl by the purificetion procese resulied in
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Quality of Gruphite Zonss in IR

DR olle was" of grephite vwhose quelity had previously been determined
by tae tests ag explained in previous sed¢tions of this xeport.
Since the.ybutron flux is groster in the center of the pile then around
the odgps, end {he loss in renctivity due to impurities is proportional
- to ¢ squere of the flux, it is mandatory that the best graphite de
Vel in the center of the pile., Accordingly, the graphite of the best
ﬁquality wag placed in the so-called "green” zons, the innermost core of
the pile. Around the green rome in concembric layers are the white (ineluding
the W-b zone), blue, and red zomes, The red zove is the outer sheil, in
vhich the lesst puroc graphite is used. '

Sumeries ¢f the types, quentivies, and qualities of graphite elloceted to
the green, W-U (subdivision «f the white zome), walte, blue, and red zomes
of “he TR plle are shown in Tables IV, V, VI, VII, and VIIT, respectively.

TABLE IV
GREEN ZONE®

wype 0. of Hosts Average Density Average 4ib {effoctive)
XCF 19% 1.72h 0.97 |
CSF 33 1.666 0.79

KCIE 2¢ 1.728 0.9

KSF z 1.702 0.73

Toteld 240 1.718 0.9:56%*

¥ The green gone allocation included only "Pinished” or purified greaphite.
The reason Por the high demsity was a double pitch impregnetion, to ofPset
the low coking velue of Chlcego pitch.

TABLE T
W-4 ZORE

Type Ho, of Hests Averega Density Aversge Aih (effective)
CSF 1 1.670 0.72
CENF 1 1.657 0.32
RCw [ 1.730 0.66
icHig 2 1.735 0.8%
P 1 1.69% 0.73
Total 24 1.69%* 0.715%%

" Waighted avereges in shich the differvent sizes of the heats have baen

P T DECLASSIFIED




WEITE ZONE
No. of Hesats Average Density Average 41ih geﬁ'octive!
16 : 1.708 0.22
2 1.698 0.16
28 1.675 0.29
8 1.665 0.2
13 1.6T2 0.22
Total 67 1.687%* 0.235%*
W-4 plus white OL 1.687%" 0.268:**
TABLE VI
BLUR- ZONE
Type No. of Heats Avarege Deasity Averago 4ih (effeotive)
cs 67 1.662 0.13
xS 7 1.70% 0.12
cso 27 1.657 0.12
K50 10 1.705 0.09
KCO 9 1.670 0.10
1o} 22 1.712 0.12
Totel 142 1.666%* 0,121
TABRLE VIIT
RED ZONE
Type Ho. of Heats Avarage Density Average 41h (aifective)
cs 24 1.668 0.03
cso 8 1.664 0.0L
csn 39 1.66k4 0,07
0O 3 1.660 ~0.05
KCN 1 1.670 : -0.09
m 2 1.703 "0.05
KS0 1 1.702 -0.09
KSN 6 1.710 «0,17
Total 100 1.672** -0.030%¥

*yeighted aversges in vhich the different sizes of the heats have been
taken into account. -

TR SN
DECLASSIFIED



T I

Sotimeted Initial Reactivity of Plle

The reactivijy of the IR pile at stertup cen be estimated from the functicnsl

tests on ¢ hite used to build 1%, Welghting factors for the different
Zones gry fcr this calculation. These factors are taken from

cel zlop for simply shaped piles such as spheres, cubes, and infinite
cylinderh®. The zomes have the seme chapos as the piles themselves, The

wightying fector of o central zome 1s oxpressed as a function of the ratio
@(ocf}*m size of the zore to the size of the entire pile.
R
S Two ccmplications arise in stterpting to obtair weighting feetors for the
zZenes of the IR pille. The first is thet the DR pile is a rectanguler parailel-
epiped and therefore does not fit enmy of the spacilal cases exectly. It is
. epparent fram the grarhs used, Lowever, that the factors far & cubic pile of
the sane volume es IR ars sufficiently accurate. The second cemplication lies
in the fact that the zones of DR sre not of the same shape as the pile 1tself,
Since the pile is made of blocks Four feet long laid with the end of any one
ber adjecent to the centers of the two perallel bars on either side, the boundaries
of the zones sre necescarily very irregular. The effect of the imperfect
boundaries is to »educe the imp¢rtence of the green zone slightly, since scme
of this high quality meteriel extends into regions where its effectivonsss is
reduced,  Similarly, the importence of the red zone 15 increaged.

Celculsied weighting factors for ldeel geomotry zonss and esiimated valueg
for the egtval zonss in IR ere shown i1 Teble IX., The estimated contribution
of each zoane to the total 4ih of the entive pile is aleo shown,

TABLE IX
Percentago of Weight Factors Weighted Excess *
Zone Gruphite Imecludad Ideal Ez’gzﬁ &l Alh Inhours
Green 12.46 .135 .70 0.662 475
White 24,72 Mkval 17 0.048 35
Blue 45,94 0092 <1 0.013 Qo
Red 16.88 .002 .02 -0.001 -1
Total ' 0.722 518

* in cslculating these velues 1% K vas essumed equivalent to 41T inhours.

A decregse in reactivity of the test pile of one inhour wes cbiained by adding
1.70 of thermsl sbsorption crosg-gection, in the form of eadmivm wvire, to
Wwo central grephite test blocks. This amount of ebsorber per pelr of blocks
hes heen calculated to decrease the reproduction factor by 1.72 pereont. Thus
a Aih of cne inhour in the test pile is equivalent to 1.72% K in 2 105 pile.
A velue of k17 inhours for 1% change in K wes obtained dwring “he stertup of
che B, D, end ¥ piles by combining calculsted incresses in K (due to loading
additional tubes) with measured incresses in reactivitylO, ibre recently, an
iniirect method involviag gswem:xbs of thz yields end hel? lives of delaﬁed
neutrous from Yission of Ug produced a velue of 385 *30 iskours for 1% KLY,
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I 'thaﬂg‘?&&’ 417 is used, DR is celculeted to have a rocctivity 918
inhouke: gheeter then a pile made of graphite with average .41k equel to
goxo. I the 385 value is used, howover, the ecaleulsted muber of excess
e ’ﬂihl}gw’s is reduced te 478. |

*

5°The weighted averege 4 ih of graphite used in the D and 7 piles (records

are incomplete on B pile) is + O.15. Thus DR pile excecds the aversge of

D end F by 0.372 in effective averege 4ia or 0.984% K, Tf 1% X eorrerponis
> to 417 ivhours, thea DR should have a veectivity 4.0 inhours greater than
the aversge of D and ¥ at stertup. I? 385 inhowrs for 1% K 13 ecorrect, Hhem
DR should have 378 inhours more then the sverage of D end T.

V. . Fedding

VIR:bd Pile Techmology Division
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