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CMF-13 RESEARCH ON CARBOX AND GRAPHITE

REPORT FO & SUMMARY OF PROGRESS FROM MAY 1 70 JULY 31, 1468

1_INTRODUCTION

This s the sixth in a serics of progress reports de-
voied o carbon and graphite research and developmaont
in LASL Group CMF-13, and summarizes work done dur-
Ing the months of May June and July, 1968 It should
be undersiood that in such a report many of the data
given are preiiminary incomplote, nnd subject to cor-
rection and that many of the oplnions and conclusions
stated ara tentative and subject to change  Thia repert
Is intended only to provido up~to=date background infor-
mation to those who shire the interests of the programs
deseribed in it, and should not be quoted or used a= a
reference publicly or in print

Research and development on carbon and graphite
were undertaken by CM¥-13 primarily to Increase under—
standing of thelr propertics and behavior as engineering
materials, to improve the raw 1s ard

bons and graphites

Since 1ts beginnivg, this program has been sponsored
by the Divialon of Space Nuclear Systems of the United
States Atomic Enorgy Commission, through the Space
Nuclear Propulsion Oftice Moro recently additional gen-
oral support for it has been provided by the National Aor-
onautics and Space Administration, through the Office of
Advanced Research and Tochnology Tho dircet and in-
direct support and the guid: and pro-
vided by both of these agencies of the United States Gov-
orament are gratefully acknowledged

o_CMF-13 "STATE-OF~THE-ART" GRAPHITE

Lot AAQI 15 a relatively large sample of an extryded,
resin-bonded graphite mamdnctured In CMF-13 primarily
o (1) Demonstrate tho usefulness of the muzMfacturing

used in thefr manufacture, 2nd to learn how to produce
them with consistent, predictable, usefal combinations
of propertles  ‘The approach taken Is microstructural,
based on study and ch 1zatlon of natyral,

techniques devaloped by CMF-13 ({2) Explore the proper=
Hies and behavior of a good graphite of this fype {3) Pro~-
vide a base-line againat which to compure future graphites
in which filler, binder, and manufactaring procedures are

cial, and oxporimentnl carbons and graphites by such
technlquen as x-ray diffraction, olectron and optical mi=-
crescopy, and porosimetry Physical ard mechanical
properties are 1 a8 functions of £ latlon,
treatment, and environmental variables, ond corretations

aroe sought among propertios and struciures Raw mater=
1al and manul: tachnd are | 1] , im-

proved and varied sysiematically In mn effort to creato
specific Internal stvucturas belleved to be responsible
for donirable combinations of properties  Prompt feed-
back of information ameng theso aotivities then makee
possible progress In all of them toward their commmon
goal of undsratanding and {mproving monuteotured onr-

varled By Ly

The raw matorfals and monufacture and many of the
properties of AAQI graphite have been describod In pro-
vious roports in this sevies This and additional informa-
ton collasted since tha last such report {LA-3332-M5)
was written havo beon summarized in a topleal report an
AAQ] graphits now beitg prepared  In antieipation of that
voport, work recently dono on Lot AAQL will be Toported
hore only incldentally
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i RAW MATERIALS

A Solld Raw Materials (H D Lewis)

1__Small-Particle Staristics

A 7054 computer program  FININT has been written
for analysis of “size-distribution" dat using the finite=
interval ("son-functional 9 model It will be the basic
routine for data analysis and mixture calculations for
systems which are not well represented by the log-pormal
(' funetional ) model and for stiempts to synthesize Log=
normal distributions by mixing non-log-normal systems

The FININT program will handle any msmboer of data
sets each gola | of 20 subsets, with

each subaet consisting of data from a maximury of 6 sam-~

2__Characterization of Cabot Carbon Blask

A mample of CMF-~13 Lot T~8 carbon black, o ther-
mal binck manufactured by Cabot Corporation and identl-
fied a8 Sterling FT grade was disporsed ultrasonically
and examined in the eletron microscope It consisted of
essentially spherical particlos, most of which were in the
range 0 Tto 0 2p dfa A large proporton of these were
aligned [n long, twisting, ossentially single-flle chains,
which would be difficult to classify as "agglomerates”

An optical particle-aizo count, m;do on two electron
ml¢rograrhs at 22,000 X, gave the dats and computed
szmple etatistics shown in Flg 1 Becauso of the diffi-
culty of {dentifying agglomerates and the relativoly small
number of particlo clusters prosent which appeared really

to be 1 ates, ne agglomeorate-slze count was at-

ples or repeat nuns on a given Using vel
fraction weight, or weight=fraction vs ' size ' data it

putos for each sampie the followdng third t
staustics weighted meas &, varlance s::’ skewneas,

£y xnd coefficlent of variation cvd The variable
3

stze, d, is tranwlormed to x = log d et %, 82 and
€,y are computed  Volume-fraction or welght-fraction
variatss are theo transformed o velative frequency and
a l:. £ OV, x -:, £, 2 specillc surface are cal-
culated  Pinally the data are posled for exch set and the
same statistics calculzted as aversged sct values 'The
program was written b handle prosimetry as well as
rarticle size data

The COFVARD program, to compute (':V'd as a func~-
tion of composition In mixtures of powders, has also been
modified w0 treat (Inlte-interval data  For any desired
group of binary combinations of aversged set data from
ov, , 2

3

tha FININT program it will compute cvd.

P 53.5 udi,ltzvt‘imlm“lamh This set

x
d

of statistics in used in xtitempt © correlatn particle size

distributions of filler mixtures with paix behavior In ex-

trusion or pyeasing and with properties of the finished

carbon or graphite

tempted  Mean and most probable partiale diametor and
varlance wero all appreciably smallor than for P33 Thor=
max carbon biack which was described in LA=2932-MS
Hoat treatment of o amall sample of Sterling FT ¢ar-
bon black In & graphite crucible at 2020 & changed the
shapes of the particles from sphericsl to polyhedral, with
well-doveloped facets  This 1s bolaved to indlcate the
davelopment of o quite well-graphitized internal structure

B_ Liguid Raw Materinls (E_M Wewerka)
1 _ StabElities of Furfuryl Alcohol Roains

Some of the exporimental furfuryl atcohol resins ayn-
thesized {n CMF-13 have been observed to {ncrease in
viacosity with timo  Improved methods of noutralizing
the polymerization catalyst have increased their stahility
conslderably However some changes in viscoslty over
the first week of storage aro still observed

2__Gel Permeatlon Chromatography {GPC)

Beveral new sets of GPC oclumna have been used to
analyzo atandard resin samples In order o determine the
comblnation ¢f columns mast useful for examination of
materlals of intorost hore  The set finally chosen con-
alats of 5 columna having, {n order, maximum pors diam-
otors of 3% 1%, 500, 260, 250, and 604 Although

200 T 7 7 T T T
_ ——PARTICLE COUNT — _|
N =1979 (SAMPLE SIZE}
16 OF d =0.1689 -
$% 20,00498 i
o] — d
o s, = 00705 ]
— 120~ g, = 1.7542
» d
z I M, =0.1427 .
E gol- _
40k =
1 1 I o FEPP
0 0.0 020 030 040 050 060 080

PARTICLE COUNT (MICRONS)

Fig 1 Sample Data and Statisties, Sterling FT Carboa Black, CMF=13 Lot T-8

other combinations of columns gave better reselution of
the lower molecular welght specles En furfuryl aleohel
raaine, this act was thought to give better over-all re-
sulta conaldering especlally the higher molecular wolght

reglon

3 __Donor-Agceptor Complexca

A 2tudy of doror-accoptor complexes has been under~
taken 'The ultraviolot and vistblo spootoa of totracyano-
gthylena (TCNE) fn metharol, acetonitrile, methylene
chloride and acetons have been Jnvestigated A number
of anomaloun effects have been obaerved with the Intter
three solvonis  Spootroscoplo data show ropid band
changos, indicating that decomposition of the TCNE may
be occurring

‘The apeotra of butyl vinyl ether (BVE) have alao beon
investigated In a number of sclvents It appears to bo

ralatively stable In solution

A mixtura of 10”44 BVE and 10790 TCNE tn meth-
anol gave no spectral evidence of the formation of a donor~
accoptor complex  The compoaent materlnls will bo caxe=-
fully purified bhefore this investigation Is continged

4 _ Furfury] Aleohol-Formaldehyde Copolymers

Two sories of furfuryl alcohol-formaldehyde copoly=-
mor resins have been synthenlzed, ono with a 2 3 ratio
of furfuryl alcohol to formaldehyde and the other witha
12 ratlo Each sories included resine of several differ-
ont viscoslties A fow of the rosinas hove been character-
izod by GPC, gus chromatography and infrared speatros-
copy, and & sample of cach hos boen ¢cured baked ond
graphitized to datermine carbon resldue and degreo of
hitizatlon in the ab of filler
A reprosontative xosin from cach sorles has been




‘TABLE 1
EFFECTS OF REPEATED FLUID ENERGY GRINDING ON SCREEN-SIZE ANALYSIS OF NEEDLE COKE
Feed Cumulative Welpht & Coarser Than

Grind Rate Tioy 350 Mp ;1™
Mo Ibbr (25 M3 @s0 (g
Raw Feed' === 67 300 560 791
T{CN-1 4 8 15 860 s 23 7
-2 42 0 03 08 zT
-3 15 0z
-4 31 0
5 26
-6 20
-T 20
-8 20
* CNP-4

-

Finenaas
aly  zly 0w  su  F<su
917 40 96 0 96 & 32
52 7 66 7 781 84 5 155
118 307 54 1 (] 29 1

L] 24§ 24 4 58 6 414
trace  tfrace 98 4“1 550
[ 9 33 36 65 4
08 27 0 730

trace 25 3 77

o 23 4 76 6

mixed with a graphite filler having 2 large crystallite
size and presacd inte discs for determination of the de=-
gree of graphitization which occurs In the presence of
filler The same two vesins have been used as binders
for the [abrication of extruded rods using the same filler
mix and manafacturing condltione used to produce Lot
AAQL The propertics of rods made with the copolymer
will be compured direcily with those made with Varcum
resin.

The Jower molectlar welght components of several
of the copolymer resins have been separated from the
bulk by fractional distillation A study of the ability of
g2s chromategraphy columns to separats these fractions
Into pure components has begun  If this separation ean
be made, the will be Iyzed further by in-
frared sp try, lear magnetic r y OF
mass specirometry

1¥__EXPERIMENTAL GRAPHITE MANUFACTURE

A_Griding Research (R. J Imprescia)
1 _Grinding of Commercial Needle Coke

A sample of CMFP-13 Lot CNIL-1, a lump needle coke
purchased from Carbon Products Division of Unlen Car~

L]

blde Corporation, was reduced by a serics of cruskings
in a Jaw mill and 2 hammer mill to & particle-size distri-
bution similar to that used In pravious fluld-energy fine-
grinding experiments In this conditlon it wns Identifled
as Lot CNP-4  This material was then ground in 8 suc-
cosaive passes through the Trost ffuld-energy mlil the
product of the first pass balng [dentifled as T(CM)-1, that
of the sccond pase as T{CN)=2, ¢ic  Soreen nnalyaes of
the grinding products are listed in Table 1 Micmmeml
graph amalyses in Table 2, and surface area analyses in
Table 3 In Table 3, the - Calc " is specific surfice
area caleulated from Mlcromerograph sample statlstics,
“BW BET" is that megauted by nitrogen adsorption, and
the *Fuzziness Ratio” is the ratlo of the two d {5 a
mean particlo diamoter (Stokes offectiva diameter) caleu-
lated from Micromerograph data, awl d. I8 the caloulated
diametor of monosized spheres which would have the same
specific surface area as that measured by nitrogen ndsorp-
tion In this serles d Is not o useful sample statistlc,
apparently because [t was caleulated uning the log-normal
pp for ple distrlt
wers truncated at both extremes  The small change in
“Fuzziness Ratio ' suggests that grinding did not signifi~
cantly change the surlace charaetor of the particles

which actuslly

Bpecific surfaco araa and relative finenoxs of the

TABLE 2
SAMPLE STATISTICS FROM MICROMEROGRAPH DATA, GROUND NEEDLE COKE

2 4 d 5
Sample l*x_:s Ty By misron micron mlcmn2 _C_‘_’g
T{CN}-1 3 5062 1 7409 =1 7165 74 5T4 0 429 0 866 2 169
T{CN)}-2 2 5507 1 1020 -0 7535 22 237 0 815 1 336 1418
TCN)y~3 19313 0 56612 0 23281 9 156 1 67a 2 137 0 873
T{CN}-4 1 ¢804 o 4490 0 334 6 719 1747 170 0 752
T{CN}-5 1 6005 0 40581 0 3826 G 088 1 796 16143 0 708
T{CHN}-6 15103 9 3975 0 3178 5 524 1 ¢76 1371 0 699
T{CN)-7 1 4895 0 4039 02779 5 428 1 616 1 299 ¢ 705
T{CN)-B 1 4940 o 3834 0 3421 5 398 1 706 1302 0 684
TABLE }
SURFACE AREA SAMPLE STATISTICS, GROUND NEEDLE COKE
Sy mzfg d r!a 'Fuzziness Ratio™

Sample Cale BET micron micron Ry
T{CH) -1 0 203 529 0 429 0 535 26 19
TICN)-2 0 382 10 81 0 815 0 262 28 22
T{CN)-3 0 545 18 90 1 675 o 150 34 67
T{CN)-4 0 660 22 56 1747 0 125 34 18
TICN)-5 o 700 23 67 1 796 0 120 33 81
TCN-T 0 781 24 79 1§16 0 114 31 14
T{CNy-8 9 710 25 81 1 706 0 11¢ 33 5

necdle coke are plotted in Fig 2 a8 functlons of number
of passes through the fluld~onergy mill  Fhe grinding
behavior is gencrally aimilax to that of sovoral other raw
materlals praviously Investigated, but with somo Inter=
enting difforences Thus, In Fig 3, relative fineness
va numbar of grinding pasean (8 plotted fox tho T{Nn}
serles of natural graphito flours, the ‘T{YBF) serios of
commerelal pelyeryataliive geaphites, and the TECTE)
series of high-oxpanslon cokoa  as well s for T(CN)
necdle coko  Initinlly tho necdle coke grids more ensily
than olther the cor morelal graphito or the high-expan=
slon coko  Nowever, after a fow pasaca through tho mill
it becomea much moro ditffoult than the commercial
graphito to grind further, and may bo appronching a do-

gree of difficully aimilar to that of the high-expansion
coke

Teblo 2 shows monotente decrenses In u, g and 53
{or succossive passes of the needle coko through the mill,
and a vapid deorease In 6: through the first threo passes
This Lekavier is different from that of either the commer-
oinl graphite or the high-cxpanatan coke, which have been
discussed in earlior reperts in this series (LA-3821-MS,
LA-3872-MS and LA-3932-MS}

Crystatling paramoters of the grinding feed and of
soveral of the ground producis were measured by x-ray
diffraction and are listed in Table 4 No slgnificant
change in cnra&ll!lle slze !.<= ,» and oo measurabie change
in intorplanar spacing do02 » wers produced by grinding

7
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TABLE 4
CRYSTALLINE PARAMETERS
OF TROST-MILLED NCEDLE COKE

Dcssl:mm“t:.ll:n L, () gz )
CNP-4 P 34
TCM- 413 344
TCN-2 106 5 44
TICH) <4 29 344
N6 f02 3 24
N8 303 344

the needle eako

‘The grinding feed and several of the ground products
werg also examined by both optical snd electron micros=
copy The fecd matorial, Lot CNP-4, had the typleal
microstructuro expected of a needle coke with relatively
long straight sections of ‘grain  The larger particles
contakned many intornal voids of the eleavago fraciure
type Typically these were long and stealght, and fre~
quently they oceurred in payzllel sots  During grinding
fracts

oceurred pre ially through such velds, pro-

ducing ncicular smaller partlcles A a result there was
a progresalve reduction In vold content and a progressive
increase [n particle aclcularity ag grinding continued |
Particles under about 50p dia had llitle [nternal porosity
and were much more acleular than were coarser particles,
and particles [Inor than about 20x dia were extremely
acleular

2 _Hot Molding of GrindIng Products

As one means of evaluating the products of the grind=
ing studles descrlbed above, a serlea of these products
kave been used an {{llere to produce hot-molded, plich~
bonded graphite discs  The binder used it all cases was
Allled Chemical Co  Grado 30MH conl=tax pltch {CMF=13
Lot Ko PP-j3), in the concontration detormined by the
lubricant-evaporation technique to by optimum for each
material The mixes were compacted In 2 5=in din

graphite dies ot 4000 pai, which was maintnined during

TABLE

5

PROPERTIES OF HOT-MOLDED, PITCH-BONDED GRINDING PRODUCTS

Filloy
Fineness

Fedy

Specimen Filler
No Used

35 A CP(IICTE)-E‘ 47
B THCTE)=1 93
c TECTE}6 27 0
D T@RCTE)-11 40 7
E TRICTE)-14 60 2
F TEICTE)-1T 74 1

364 cnp-4" 32
B TCN-1 155
c T(CN)-2 20 1
D T(CI)-3 al 4
F T(CH)-5 G5 4
I F(CN)-8 766

3T A GP(Na)-8 " 23
B T{Na)=1 22 6
c T{Na}-2 58 6
] T(Na)-3 82 1
E T{Na)-d 52 0
F F(Na}-5 98 2

A arEp-2” 17
B T(Py)-1 117
¢ T(Py)-3 32 2
D T{Py)-4 35 1

% Vol

Bulic Denaity, Change Young's Compresalve f:f;‘gﬂ";:s
om Baked to  Modulus  Stren /—]1__
Naked Graph  Graph 109 pait psi oz’ Yox M

o e e e - et e ke

- R T T )

b e b b

695
742
714
496
686
691

072
964
243
924
819
904

901
910
894
g8

* Feed mnterfal for fluld-energy grinding

1
1
1
1
1
1

N L

O e

696
825
883
244
859
247

G206
731
746
760
763
773

952

T
003
004
203

=16 7 o 92 7645 i0-102 <01

=17 7 119 12,166 100-101 <01

=201 - 20,804 100-102 «0 I Cracked
~20 4 182 —— 10 0 71 Cracked
-20 4 -—- -—- 121 1 02 Cracked
~19 9 181 21,578 I1s 0 87 Cracked
+2 8 046 1,478 181 248

-0 8 114 3,620 184 30

-3 2 187 6,310 2 39 18

-5 1 z 28 T, 643 3 30 65

-5 7 268 7,751 3 64 1 5 Cracked
-6 0 2 84 9 951 383 81

+4 4 102 1,531 2 02 32

+2 1 120 6,807 345 70

+14 3 G5 8,209 3 55 78

+11 123 9,083 2 67 T2

+10 323 9 454 3 45 T2

+1 3 az 9,827 337 T1

+6 § — -— -— ---Deluminated
LY 255 5,954 71 02

-09 2 53 8 334 64 a7

=07 2 36 8 592 74 79

# Properiles measured nermal io molding force {with grain)

o § hr heating cyelo to 900°C  Tho compacted discs were
hetween 5/6 and 3/4 [n thick, and In all casos the bindor-
roniduo values for the hot-molded (baked) specimens in-
dicated thot ot least a aufficlont amount of bindor hed boon
uscd The disce wero graphitized in flawing holium fox

30 min ot approximately 2800 € Thedr densitiea, shrink=

age bohavior, and some of thelr propoerties are liated [n

Tablo 5 Data aro roported for the THCTE) sorien of
grourd high-oxpansion cokes, the T(CHN) serles of ncedle
coke floura tho T{Na) scrios of natural geaphltes, and

the ‘T{Py) merles of pyrolytic graphites



2 T(HCTE) Fillers {35 Series)
-

‘The {ilters used in this series were o crushed, [zo-
tropic alr-blown coke ("Reohinson coke '} having a high
coclliclent of thermal expanslon and the products of
grinding itin 1, 6, 11, 14 and 17 passes through the
Troat [eld-energy mill  The particles in all cases were
blocky and approximately equiaxed although perhaps less
acarly so in the {incst sizes observable by electron mi-
CTOSCOPY

Except for the [irst member of the series which was
made [rom the comparatisely coarse grinding feed and
had relatively low density, both baked and graphitized
densities were nearly constant in spite of increasing fine-
ness of the filler  Shrinkage during graphitizing was high
in all cases, presumably because the coke had been czl-
cincd only to about 850°C by Its manufactarer All but
the [Irat two members of the serles cracked severely in
a radial patirra during hot malding waually preducting
ple=shaped fragmenty  The first three members of the
scrics were essentlally isotropic  Both ¢lastic modulus
and strength Increased rapidly with increasing filler fine=
ness carly in the serics and very high compressaive
strengths were attained

Specimen 354 made from the grinding feed, waa
wvbacrved microscopleally to contaln many angular pores
and numercus long thin gaps between particles, appar=-

Baked densitles showed no cluar trend, but both graphi-
tized denaity and shirinkogoe during graphitization inereased
continuously with incrensing finoneas of the filler  In-
creasing particle aclcularity in the finor sizes wes ro-
flected in Increasing anlsotropy, which was very high in
the later members of the serlea  The combination of
increasing density  increasing anisotropy, and probably
other factors, caused with=grain olastic modulus and
comprosstve atrength 1o increase continuously with filler
finencss  All specimens woro sound oxcopt No 36F,
which broke into two nearly equal pleces during molding,
tnd did 8o again when the run was repeated

Micr ically, the early s of the series

were observed to contaln large numbers of large pores,
oppeared to be deficient In binder and showed some
ovidencs of Incomplete mixdhg  With finer fillera the
number and sizo of pores decreased and the last three
members of the sories were not well Impregnated by the
mounting resin  In the last four specimens In the serles
the filler particles were very aclcular in scctlon, with a
high degree of alignment parallel to the die walls near the
cylindrical surface and parallel to the punch face else~

where

c__T(Na) Fillers (37 Serfes)

‘The T(Na} fillers used to preduce Series 37 graphite,
1 were natural graphite flotire ground in the

ently formed by extmsive inh lon at
some stage of heat treatment  With progresaively finer
filler materials pores became smaller and more nearly
equiaxed and the structure was less well penetrated by
the mounting resin  In the three speelmens made from
the finest fillers 3 few lenticular volumes of undistri-
Inited binder reaiduc were obacrved Indicating existence
of a mixing problem  Mlxing was apparently good in the
tirst three members of the serfes  but heve there appear-
«d to have been [naulficlent fine filler to (i1} the volds be~

tween the coarser particles

b___TICN) Fillers (38 Sevies)

For this series of bot-molded specimens the fillers
used were the ground necdle cckes described above

1o

‘Troat fluld-cnergy mill In all sizes, the particles com=
posing theao {lours were very actcular and somewhat
shredded [n appearance with the lamellar or scaly inter-
nal structures typical of o well-graphitized materinl

All members of thia serles expanded durlng graphlti-
zation, the expansion being greatest for apecimens made
from the coarscst fillors  Densltles in both the baked and
the graphitized condltfons were high but decrensed with
increasing fincncos of the filler  Aunlsotropy was high,
and Increaned sharply with the first reductlon In filler=
particlo slze  With-grain clastic modulus and compres=
sive strength increased continuously threughout the serles
in spito of decreaning bulk density and == in latr members
of the serlos == nearly conetant anlsotropy

Bpecimen 37TA  mado (rom the relatively conrue

grinding feed contalned many long, narrow pores orient-
ed with their long axes parallel to the graln  Theso were
probably responslble for the fact that, in splte of vo.r;'
high density, the elastic modulus and compresaive
sirength of this graphite were low  Specimens made with
finer fHlors were leas well ponetrated by the mounting
resin o that the vold structure wad not delineated Evi-
dently, however In splte of continuously decreasing den-
sity, the use of progresalvely finer fillers reduced the
degree of interconnectodnoess of the volds, and the Iso~
tated volds which remained were progressively less dam-
aging to mechanical properties

d__T{Py) Fillers (39 Serles)

Serles 39 of hot-molded graphites contained a8 fillers
a serles of ground pyrolytic graphite flours Due to easy
cleavage of the layered pyrographlie structure during
erushing and grinding, these wore the most acleular
fhurs so far examined Preferred orienintion and anisot-
ropy of apacimens made from them were corresponding-
Iy high

The first member of this scries, made from the
coarsest filler, expanded
tian  This expanslon was produced by extensive delamina-
tlon of the larger pyrogvaphite fliler particles, which

bly during gr

created large Intraparitole volde and relatively low speel-
men denalty  Subscquent specimens, made from progres-
sively finer fillors, showed very litle volume change
during graphitizing, but in fact were obscrved to ehrink
slgnificantly in the ncross-grain dircction (disc thickness)
and expand by an equivalont amount in with-grain dirce-
tions {disc diamotexs) With the finor flllors bulk densi=
tles were high, penetration of the mounting resin was
mor, and the void atruciure was not dellneated for mi-
orescopla study  Evidontly, howaever, little or no deln~
minatien oceurred, and the velds which remained were

not extensivoly Interconnected

B__Evaluation of Commoredal Fillers (R J Impreacin}

As part of o raw-matorinls evaluntion program, hot~
molded graphlte apocimons {Sorloa 34} havo been pro-

pared from 26 commorcial filler materinls now on hand

In CMF-13, and are being evalunted with regard to strue=
ture and properiles  The binder used in all cascs has
been Allled Chomical Co  Grade 30MH coal-tar pltch
{CMF-12 Lot No PP=-3), In the amounts detormined to be
optimum for each fitler by the lubricant-evaporation tech-
hique ‘the piteh was ground fo tpproximately 50% minus
200 mesh and blended with tho [tller Ina 2-gt twin-~shell
bletder, using the Intensiflor in the ¢ase of the tiner filler
materinls but -~ to avold comminution -- not using it for
the conrser ones  Tho mixes were hot-molded in 2 §-in
dia graphito dios ot 800°C 2nd 4000 pai, then grophitized
for 30 min in {lowing hellum at 2850°C  Fillor materinls,
fabrication charasterlsties, and some of the properties

of the graphites produced are lisied In Toble 8 Addltlon-
al properties are listed In Table 7 and microstructures
ara deneribed briofly In Table 8 (Many of the fillers
used have been described individually in previous reports
in this serics }

The Mnder residue values listed in Table ¢ are gen-
erally low, indieating loss of binder by squecze-out In the
die  Usunlly this Ls taken to indicate that too much binder
was used However micrascople observations of binder-
deficiont areas in many of the specimens suggest (nstead
that the real preblem was that of Incomplete mixing

With only ono exception {Carbon Products' necdle
coke} the use of coke fillers reaulted In volume shrinkage
during graphitization  The amount of shrinkage varfed
widely, bat was extromely high for the finer Gilaocarbons
With two cxceptions, the use of graphite fllers resulted
in volumo expansion during graphitization, the typleal
expansion being 2 to 4. The high~CTE graphites were
exceptional in this regard

In tho microscopic atudy of these hot-moldod graph-
itce, it was apparent that the use of coarse (lours con-
talning insufficient finea produced porous graphites nso~
ally containing many large pores and large shrinkage
breaks between filler particles and binder  The degree
0 which this can be overcome by fine additions to such
illexa will bo Investigated

Microscoplezlly, the best graphitos in the serles
appenaved to be 34N S, Tand U All of thoae contained

11
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TABLE 7

TABLE § PROPERTIES OF HOT-MOLDED GRAPHITES, SERIES 34
FILLER MATERIALS, DENSITIES, SHRINKAGES AND BINDER RESIDUES,
HOT-MOLDED GRAPHITES, SERIES 34 ““;:“,;‘“
I L | mwsel  Toma ot by o
Graphite CMF-13  Mama-, " Bioder, ——itl_ GBS poggy pkeg Lot MNoduus Stropsth —ufem _ _wmfem-C ZWYC_  Covstalline Still_ plectr  Thermal Thormal
o IstNo = facturer Xype peh FPP PBuk FPP_  Bulk_ _ % to Graph Mo 10% nsi' Eﬂl‘ Wi AR . WE L 8g  WE  ag M %:2/%x  Reatst Cand Exp
J4A c-1 GL BOM Coke 33 1321 1478 1373 1419 372 -3 8 A 0 37 1759 2041 === 046 047 475 4§52 0 55 107 -— 0 98 1 a7
B -3 AG 100M Gilsocarbon a0 1513 1686 1601 1694 331 =55 B 121 6 987 1285 1999 108 O &5 481 717 134 124 1 56 126 1 49
c C-4 AG 2008 Gilsocarbon a2 1431 1z 1625 1979 459 -39 c 142 12,329 1240 1628 11z 08 S57T9 716 163 126 tal 137 124
D -5 AG 325M Gilsocarbon a2 1431 169 1623 1797 497 -118 D 151 13750 1245 1739 104 074 574 7149 116 122 140 141 130
E c4 GL 3020 Coke 35 1426 1637 1552 1722 416 -9 E 13t 8,322 1020 1837 130 080 441 & 00 185 142 1 8o 163 18l
F C-7 GL 3011 Coke 37 1448 1655 1855 1921 385 -6 9 F o127 8,007 103¢ 1674 130 078 445 % 0% 13235 1 a7 181 167 159
G c-3 GL 3009 Coke 28 1495 1676 1576 1709 428 51 G 103 6,018 1016 1549 129 08 151 6% 124 125 152 150 149
i c-9 GL 3017 Coke 32 1363 15 1386 1484 363 17 n o3 1,467 2400 =mm  mmm mem 400 5 T8  mem e e — 144
1 c-1o GL 3007 Coke 30 1368 1499 1382 1460 319 10 I e 1,068 ee 2413 eme  —— 450 490 03 105 == — 10
J e-1 GL 3021 Coke ¥ 1330 1488 1368 148¢ 841 -2§ I 08 13 1761 2754 - 0G0 360 626 101 11§ 156 — 174
K c-1z GL 3008 Coke 35 1341 1513 1369 1402 367 20 K 03 1,377 2131 2948 0G0 050 426 598 - -~ 138 120 140
L CK-3 cP Neodle Coke 28 1547 1690 1535 1641 331 +D8 L 086 2,505 1025 5354 077 042 292 TT4 34 167 5927 18 285
M CHNN-1 cP Fon-needle Coke 28 1520 1658 1539 1646 349 =13 M 090 3,455 1060 2025 074 053 347 667 140 2 a3 191 149 192
N G-12 GL 1008 Graphite 23 173 1831 1692 1837 388 +3 4 N 184 7,456 1017 1549 090 074 401 67T 148 11895 1353 192 1 40
o G-14 cP GP BB4 Graphite 21 1684 1835 1624 1744 333 -3 7 o ool 4,072 1087 1887 084 072 360 658 ~114 125 174 117 178
P G-15 cP GP BBS Graphite 28 P69 180 1605 176 09 433 P 080 3,58 1165 1993 083 070 400 745 124 ~152 172 119 188
Q G-18 GL 1011 Graphita 27 Teso 1830 1617 1753 330 4390 Q 084 3350 1022 2100 085 067 385 T3 21 ~l4z 208 127 191
R G-17 GL 1012 Graphite 33 1638 1e08 158 1744 317 +3 2 R 086 4,140 1056 2008 094 OTL 407 740 a1 128 1480 13z 182
5 G-18 GL 1008 Graphite (M3} 23 1730 1878 1686 1822 371 426 s 197 8,044 945 2093 093 OT0 404 423 251 158 221 133 204
T G-19 cP GP48 Graphite 22 1729 1908 1620 1858 470 +2 4 o178 7,830 533 9823 102 049 322 9 09 a3 10 188 3 03 2 08 278
u G-20 cp GP38 Graghite 22 1733 1920 1696 1862 466 +22 U 384 6,570 602 JBET 094 DAL --—- 1108 350 338 7 289 emm
v G-21 s 1651 Natugal Graph 27 1728 180 1701 1847 455 +16 v 231 8,784 817 6824 119 021 214 158 100 G544 B35 567 73
w G-22 W 1652 Natural Graph 20 lass 1904 1813 1862 384 425 w348 4,351 436 6761 113 028 -~ 1768 111 499 15 44 404 ---
X G-23 cp 1eTE" Graphite 20 L1gol 1715 159 17¢4 362 402 X 124 10,632 1506 181l 074 076 T2 727 025 1029 147 087 102
Y G-24 cp HCTE® Graphite 23 1507 17711 1532 1784 387 14 ¥ 127 13,688 W07 178 06 070 587 763 020 1013 111 608 130
Z G-25 cP IICTE#Grﬂph[Le 30 1608 1756 1600 1758 348 +D 5 7z 124 10,516 4680 1679 0TS 045 T 11 7 81 o 28 1030 113 100 110
*  Manefacturer GL = Great Lakes Carbon Corporation CP = Carben Preducts Div  Unton Carblde Corp *  With-graln orientation
AG = Amerlcan Gllsonite Company *+  Acrops-grakn orlentation
5W = Soutt Graphite Company
t  FPP = flller~particle packed dennity
** M= mesh (screcn-size)
#  JCTE = high coefficient of thermal oxpandion {alr-blown isotropic)
11
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Graphite

34A
4B

HC

34b

MHE

MF

34G

S4H

4L

34T

34K
4L
M
21:%
140
4P
24Q
34R
345
4T

MU

Yy

Ji

TABLE 8

ELECTROUN AND OPTICAL MICROS FRUCTURES OF HOT-MOLDED GRAPHITES, SERIES 34

Mlcrostructure
Aany large pores aad c-face eracks Too few {ines for good packing  MixIng Inadequate
A few large pores, many colonies of small and medlum-sized ones  Pores Interconnected Mixing doubt=
ful Some large lamellar particles
Mo large pores or large lamellar particles  Colonies of small and medium-sized voids, well connected
Mounting resin penctrated only 300u surface layer, so volds not delincated Looked sourd well mixed
Many long thin voida orfented with grain structure and many colontes of small voids  Pores Interconnect-
ed Preferred orlentation evident
Many of the large [Hlor particles outlined by small velds A few karge c-face oracks Pores Interconnect-
vd  Bixing doubtful
Mzny volds of all sizes and shzpes, chuding coarse ones Many long, thin c-fice cracks Many fines
appear to foat frecly [n voids  Both binder and mixing may have been insufficient
Slmilar to 34G but with more very large pores and broken binder bridges in laxge bnder areas
Veyy large cracks throughout  Binder bridges usually pulled loose at one end or ruptured in binder residue
Much Interconnected porosity Including intraparticle volds not filled by binder Mixing fnadequate and may
have lacked bindey

Stmilar to 341 Buch veid space

Similar to 341 and 34T

Closer packing of flller particles than 34F, J, and K Particles very [laky with evident preforred orlenta-
ton  Many cracks and intraparticle woids  Appeared binder deficient

Many large volds colonias of voids and c-face exacks, although appeared lesa porous than 341 Probably
binder deflclent

Mounting resin penetrated enly 600u surface tayer Partlclo size distribution looked good for packing
Structure appeared dense and tight Some small vold colontes and intraparticle voids

A few [arge volds and colonles of voids generally Interconnected  Insuffleient binder or nixing or both

Simitar to 340 but more Iarge volds  Partiele size distribution appeared poor for packing
Stnllar w 4P

Similar to 34P  Coarse open pore network

Mounting resin penetrated only $00u surface layer Small vold colonles, c-face cracks, and Intraparticle
volds ebeerved but porosity low pore network tight, and fine particles well packed En volds

MountIhg resin penetrated only about 350 Like 348 it denser appearance and gbvlous preferred
orientation  Appears defllcient In fihes

Very little penctration by mounting restn  Similar o 345 and 34T but a stfll tighter, less porous structure
Strong preferred orfentation

Very lttle penetration by mounting restn  Little porosity except In assoclation with lentioular pocketa

of binder residue  Very strong preferred orlentation  Eleciron micraseope showed many fine inclustons
with metallic appearance

Very similar to 34V

Many voids in a variety of slzes and shapes, in generzl more nearly equiaxed than with standord ecka

TABLE 8 {Continued)

Graphite
Na Microstructura

fillors and well interconnected  Filler particles have Internal structures typical of HCTE coke  Inter-
particle bonds look sound Interfaces frequently invisible Structure of binder residue much like that
of flller, go binder distribution not usually observable Qccaslonal particles of conventional coke In
structare  No ¢-face cracks observed

34Y Mounting resin penetrated only about 1600y Similar to 34X but with smaller filler particles, smaller
wlds

342 Similar to 34X cxcept slightly finer pore system, fewer large volds Pores interconnccted

graphite flaur fillers and had good preperties, but all

were relatlvely anisotrople
C _Mixing Experiments

1 The G=20/G-17 Binary Series (R J Imprescia)

MExtures of two geaphite flours, CMF=-13 Lots G=20
and G-17 have been examined for particle-packing bo-
havior using the same blending, filler dubrication, and
preasing procedures described in previous reports in
this serfes Results are plotted In Fig 4, whero cach

1 500 T T T T T T T T T

9/em3

400

1300

1200

1100 -

PACKED FILLER DENSITY,

L 1 1 1 1 L]

1 1
I.OOCo P
WEIGHT "4 G-)7 FLOUR
Fig 4 Packed Filler Denslty vs Composition, G-20/
G=17 Binary Mixturcs

]
49 80 80 100

represents the average of two indeperdent results -
which in every easg agreed almost exactly  For this
system, maximization beth of variance and of cocfficient
of variation indicated that maximum packing density
should oceur for a mixture contalning aprroximately 95%
G~17 fiour In fact, e experimental results show a low,
broad madmur at about 50% of each comvonent

2 G-18/6-24 and G:-18/G-25 Combinatlnna M
Dickinson)

Becnuse of the interesting properties of the HCTE
graphlte flours, CMF=13 Lots G-24 and G-25, an attempt
hos been made to modify their fabrication behavior by
adding to them a well-behaved normal graphite flour,
CMF-1) Lot G-18 The positions, i ing
cenditions, nnd proporties of the extruded Sorles ABR

graphites so far made In thia attempt are summarized in
Tables 5 and 10 Inall cases 15 parts of regular Ther-
max carbon black were added to the mix, [rom elthor of
two presumably identical lots  The binder used through-
out was Vareum, o commercial furfuryl alechol reain
‘The addition of G-13 flour had the desired cffect of
preventing the sovere cracking which oceurred during
graphiuzaion of oxtruded lois made fxom HCTE flours
alone So far as thcy havo been determined to this polnt,
the propertics produced by the flour mixtures are inter-
mediato botweon those produced by tho unmixed floura
Graphito ABB2, contnining cqual quantities of HCTE and

15
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TABLE 9

COMPOSITIONS AND EXTRUSION CONDITIONS ADB GRAFHITES

Beg¢ause of the danger of comminution of the coarse
Tracttons during intenstve mixing, the fillors are blended
topether in 0 Fisher-Kendall laborntory bottle blender,
which has n very gentle mixing action  After blending
the dry mix for 10 min an amount of stearic acld lubri-
eant somewhat less than the epitmum is added and blend=
ing is continued for another 10 min  The mixture is then
compacted Ina 1 5-in dia steel dle at the relatively low
pressure of about 900 psi -- again to aveld eruahing of
From the known welght of filler and the di-
menatens of the compacted mixture a packed filler den-
sity Is cateulated

particles

When {iller combinations are found which pack well
they will be used to preduce hot-melded, piteh-bonded
graphites whose properties will be compared with those
of simflar graphites containing only one filler ¢component
The addition of earbon blacks wiil then be considered

12 _The Role of Carbon Black in Graphite (J M
Dickinzom)

In the last previcus report in this series {LA~3932=
MS}, an investigation was described which is intended to
shed light on the behavior and effects of carbon black
whon Lt is used 48 4 component of the filler mix in the

manufacture of carbons and graphites  In the first phase
of this program, volume changes of the dry fliler are ob-
served as it 18 compressed in an evacuated steol dle un~
loaded, and removed from the dic

In experiment ABAS o dry mix of 85 parts G=18
graphite flour and 16 parts TP-3 carbon black was com-—
pressed {0 28,000 psi  unloaded, and -=- without removal
from the dle -- was compressed again to the same yres-
sure unloaded and removed from tho dle  Density under
pressure for both cycles {5 plotied in Fig 5, for both

® FIRST RUN
r W SECCMD RUN

%

PRESSURE 10° pal
5
¥ T

1 1 x L 1 Il
k2 43 A 16 A 1T 14 I 20

BEHSITY  gfend®

Fig & Pressuro vs Bulk Density for Two Successive
Cycles of Pressing a Dry Mix of 85 Parts G-18 Graphite
Fiour 15 Parts TP-3 Carbon Black

TABLE 11

Composltion Extrusion Conditions

Specimen HCTE Flour, G-18 Flour Thermax, Binder Pressure, Specd, ‘femp ,

Parts Parts Parts peh psi in /min ‘c
AAP2T 85 G-24 — 15 TP-3 28 4 1600 167 50
ABB2 42 5 G-24 2 5 15, TP=4 27 T300 118 82
ABB3 21 25 G-24 83 75 15 TP-4 27 §400 150 55
AAPZ4 85, G=25 m——— 15 TP-3 23 95 3800 171 45
ABBl 42 5 G-25 425 15, TP=-4 24 7300 112 48
AAPIO -— 85 15 TP 27 7600 171 47

TABLE 10
PROPERTIES OF AAB GRAPHITES
Eleetrieal Young's Carbon
Specimen Green Dia Dcnslt)& Rnsiaﬁvip, Modglus, . Realduq,
ho in EZcm pficm 10 pni Inapection

AAP2T 0 5015 1 91040 81 1915159 196 49 840 3 Cracked on graph
ABB2 0 5035 1 9110 QO3 1258433 2 1340 02 48 320 2 OK
ABB3 9 504 1 890£0 003 1152129 2 270 02 47 120 4 OK
AAP24 ¢ 4595 1 91340 002 1737£10 1 95:0 01 50 620 3 Cracked on graph
ABBl 0 502 1 89240 003 1270425 1 9920 02 47 520 5 OK
AAPIO 9 5015 1 8800 002 986144 2 470 02 47 130 4 OK
* With-grain
normal flours, {» especially interesting in having the particles

high density typical of the HCTE materfals a relatively
high elastic modulus, and relatively low electrical re-
sistlvity

3 Other Binary Combinations (i? J _Impresela)

Some of the Series 34 graphites listed In Tuble 3
have anisotropies lower than any previcusly observed in
CMPF-13 experimerial graphites Their denaltics, how-
ever are relatively low, and thelr permeablilities are
undoubtediy high [n every ciase they were made withaut
additons of carbon black or any other fine filler compo-
nent and it {s evident that in no case was the size distri=
bution of te filler used Ideal for close packing of filler

18

In the hope of developing a nearly {sotrepic, low-
parmeabllity graphite made from commercially available
materiala, a group of the fillers lated En Toble 6 has
been selectod for mixing experineats  This includes 3
coarse flilers (C=1, C~10 and G-t4) and 3 (Ino fillara
{C-3, C=8 and Gu24) Of thess, 4 (identifled by tho letter
C} ara coke (lours and 2 are graphita flours Eight binary
comblnations of these, each consisting of ono coayase and

one line P , Are being ined  These ore
c-1/c-3 Cr8/C+3
Cc-1/G-24 C~8/G-24
C€=-10/C-3 G=14/C-3
C-10/G-24 G-14/G-24

DENSITIES OF DRY-PRESSED GRAPHITE FLOURS ALONE AND WITH CARBON-BLACK ADDITIONS

Denaities
Composition At Proasure
Specimen QOut of
No Flour Fines Partlele Packing 28KSI 566PS] 15PSI  _Dio  Commonts
G-18  TP-3
ABAS~1 85 15 215 164 1 987 1 aos 1625 “—— 15t cyele
I 998 1 828 1 880 1 428 20 eyule
G-18 TP-3
ABAG-1 85 15 215 164 1 98g 1 808 1 607 1354 in oiy = vo vagcuum
G-25 TP-3
ADBAT-1 oo -— 2 129 1 618 1983 1 695 1515 -
ABAT-2 85 15 2 092 159 1922 1 709 I 580 1 442
ABAT-3 k{3 2§ 2 047 1 571 1 840 1 680 1 584 1 481
ABA2-5 -— 100 188 1 420 1 403 1 238 1 232 —
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TABLE 12

PERCENT OF PARTICLE DENSITY AND OF PACKING DENSITY ATTAINED IN DRY-PRESSING

% of Paching Denaity

Compoaition % of Particle Density Based on Particle Density
Specimen Cutof Out of
Mo Flour Flues 28 KSi 568 PSI 14 PSL Die 28 kst 866 P51 14 P51 Die
G-18 TP-3
ABAS-1 85 15 92 4 84 0 756 — 121 2 110 1 99 1 -—
928 80 81 86 4 121 7 111 5 102 4 87 1
ABAG-1 85 15 92 5 841 ™7 618 121 3 110 2 28 0 85
G-25 1TP-3
ABAT-1 100 — %11 796 712 —— 122 & 104 8 93 6 ——
-2 83 15 91 3 a7 76 ¢ 68 9 20 9 107 5 100 89 4
-3 75 25 By 0 813 7% 6 716 117 1 106 9 100 8 94 3
-5 0 100 T4 6 67 8 65 5 —— 98 8 g8 86 8 -
TABLE 13
SPRING BACK OF DRY PRESSED SPECIMENS
Spring Back of Specimens %
Composition 28 K51 28 KSI 28 Ks1
Specimen to to io
Mo Flour Fines 566 PST M PSI atm Commerts
G-18 TP-3
ABAS-1 85 15 8 4 g 8 — eycle 1
74 a3 26 ayele 2
78 M7 26 4 cycle 2 based on
density at 28 K1
in cycle 2
ABAg-1 85 13 8 4 17 8 2T 7
G-25 TP=3
ABAT-1 100 — 1as 219 -
-2 85 15 o2 159 23
~3 75 25 T7 12 4 17 4
ABAZ-G —-— 100 -] 91 -
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loading and unloading  Densitles and apring-back are
sBummarized in Tables 11, 12, and 13 Density at a given
presaurc 1z anly slightly higher during the sccond cyele
than durlng the first  Any attempt to pyoduce a high-den-
8ity graphite by stress-relaxation In o binderless ayntgm
will evidently require that the relaxation heat Ireatment
be performed with the powder under high prossure rather
than by eycling to high pressure at room temperature and
then heat-treating under reduced pressure

To determine whether use of an evacuated dle made
any large dlfference in the experimental results, Run
ABAG was made in air, without evacuation of the die
The data in Tables 11, 12 axd 13 Indicate no large differ-
gnce between prossing in nir and ik an evacuated dic
Since the residual pressure in the cvacuated die §s nor=-
mallh greater than 1 mm  alr may stitl have an important
lubricating rele in the drv=prossing procedurc used 1t
is clear, however, that the high densities achieved under
pressure do not result simply from evacuation of the sys-
tem

The ABAT serles of experiments, also summarized
in Tables 11, 12 and 13, was run to explore the dry«
preasing behavior of & graphite flour having a blockier
particle shape than that of G-18, which is somewhat aei-
The flaur used In the ABA7 series was from Lot
G-25 a [ine HGTE [lour having a particle-size distriba-
tion similar to that of G-18  Bulk densities under pres-
sure, percent of packing density ottained and spring
back during unloading we~e generally less thanwhen G-18
flour was used, but the difforences were much smaller

cular

than had been expected

E__Effcets of Binder Characteristios (J M Dichinson)

In the AAS serles, the offects of viacosity and molee=
ular distrlbution of fuxfuryl alcohel resln binders on man-~
ufseturing procedures and tho properties of extruded
graphites aro belng Inveatignted  The filler mix used
throughout i 85 parts geaphite flowr (Lot G-18) and 15
parts earbon black ("regular" Thermax, Lot TB-1or
TP-4), with 27 pph of reain bindor containing 4% malele
anhydride

The bindeys uscd 8o far havo been commerolal Voy-

cum 5182 rosin and the EW sorles of resins synthoslzed
in CMF-13 Some of the CMF~13 resins used to make
Lots AASL 2, 4, 5, 7 and ? wore found to have increased
in viseaskty with time after thelr preparation and taoir
viscosities at the tlmes when the extrusions were made
are pot known  Reskns used 1o make subsequent lots of
graphite were Improved with regard to stabillty and their
viscoslties were measured both before and after the ox-
truslon rune in which they werc used Their proporties,
therefore, are known quite accurately

Extrusion conditions for the AAS graphites are sum-
marized In Table 14 Using resins of widcly different
viscoslty it 15 difficult to control extrusion pressures and
speeds and varkations In these paramceters may be re=
flected in the properties of the graphites made

A large number of different curleg cyelos have been
used for these graphlles  They are identified in Table 15
by the number of the cam used to program the heat treats
ment The cyele produced by cach ¢atn is deseribed In
Table 16 Initlally the curing cyelo extended only to 200°C,
wlith holds at temperatures at which differcntial thermal
analysts (DTA) had indicated thermal activity in the resin
Cams 12 33, 34 35 and 36 produced such cycles and
usually resulted in 2raclang either after baking ov after
graphitizing  The [act that many specimens survived cur-
ing but cracked during baking, and the DTA cvidence of a
regon of high thermal activity betwoen 300" and 400°C
fod to use of 2 curing cycle exterdmy 1 420°C {Carms 42
43 44, 45 46and 4N  Useola siow cure 2 3C/hr o
420°C sevmed to mimumize specimen damage for a wide
range of resins and viscosites  and will be the stamdard
curing treatment for the restof the AAS series  In par-
ticular, the low heating rate veduged the incidence of rim
eracks extending Inward from the rod surface a few hun-
dred micyons and the high curing temperature minkmized
Internal crackisg

For properly-cured speeimens  the baking ¢ycle ap=
peared not to bo ¢riticnl  That repreacnted by Cam 16,
Invelving moderately high henting rates to 900°C and n
2-hr hold nt 900 C, hna been used succeastully

All specimens were graphitized In flowing hellum in
n cyclo involving heating to 2800°C in 6 hr and furnace-
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Lot

AAsl
AAS2
AALZ
AAbZ
AALZ
AASZ

AASL

AASS

AADT

AASE
AASE
AASH

AABD
AABY

AAS10

AASLL
AAsll

AAslz
AALLZ

AABLD

¢ 26 5pph

Rod ho
1thrusg

1

5 5D G 6B
10 13,138
9,98 10B
18

1thru 14
1 thra 14

i thru 14

lthrug
10 thru }7
18 19

1thru?
o thru 14

I thru 18

U thru 7
8thru 13

I thrv ¢
10 thru 15

1 thru 18

BINDERS USED AND EXTRUSION CONDITIONS FOR AAS GRAPHITES

Extrugion Conditlans

Prossure

TABLE 14

Binder
Identificatlon Viseoslty, cp
EWN =146 > 2200
EW-146 > 2200
EW«146 > 2200
EBV-146 > 2200
EW-146 » 2200
EW=144 > 2200
Yarcum 5182 250
L]

EW -146 > 2200
EW-147 > 2600
Yarcum 5182 250
EW-147 > 2600
Varcum 5182 250
VareLm 5182 250
Varcum 5182 250
EW-153 > 2230
EW=153 > 2230
Ew-1st 2770
EW=-192 909
Ew-152 3909
B -194 2457
EW=-154 2457
EW-185 1300

3 Dropprng from 14 000 to 12 000 pal

Temp ,
c

52*
52
60
go*

82

6ot

50"

51

52
44
<44*

[0
50

psl

16040
7600
7600
7600
7600
7600

5400

9500

8300

5400

2500

7000
7000
000

10,200
10 200

11, 800

4 000

14, 000°

13 400
13 400

9 500

Speed
in /min

116
a2
115
92
118
116

141

8z

57

ti2

116

133

133

78

61

100
100

110
119

120

Green
Dla,

0 500
0 500
0 $00
0 500
£ 900
& 500

0 500

0 5M
0 504
0 504

0 500
0 500

HEAT-TREATING CYCLES AND RESULTS, AAS GRAPHITES

TABLE 15

Itod Ho

4B
6,8
13
13D

14B
1thru 14

]
4,10

1

3,12,13 14

Curlng __Baking
Cam_No Inancction Cam No Inspection
a3 38
34 38
35 38
36 38
a3 a7
34 a7
25 a7
30 37
a5 18
a3 a8
34 38
35 38
ag 38
33 37
34 a
36 37
a6 a7
33 16
34 15
as 16
a6 18
12 18
3 L
36 38
12 38
34 37
36 a7
12 a7
34 16
36 18
12 1g
a4 38
38 as
12 38
12 3?
34 16
38 o
12 16

Graphitized
at 2800 C,
!llBlk!l:llun

Rim eracks
Rim gracks
Rim cracke
Ritm eracks
Rim cracks
Rim cracks
Rim cracks
RIm cracke
Rim eracks
Rim cracks
RIm eracks
Rim cracks
Rim cracka Centrsl erack
Rlm cracks
Rim cracks
Rim cracks
RIm cracks
Rim cracks
Rim cracks
Rim cracks
Rim cracks Central crack
Some rim aracks,mostly OK
oK

0K

CK

oK

oK

oK

OK

OK

oK

oX

oK

OK

OK
Cracked
oK

oK



Lot

AASE

AASS
AASE
AAse
AASS
AASE
AASI
AASS
AASY
AASS

AAS10
AAS0
AAS10
AASIO
AASIO
AAS11
AASI1
AAS1
AAS1L
AASIL
AASIZ
AAS12
AAsI2
AASlz2
AASI2
AAS13
AASLY
AASDY
AAS1Z
AAS3

TABLE 15 (Contlnued)

Curing Baking
Rod Mo Cam No Inspection Cam No Inspection

12 QK 15 OK

12 OK 16 Cracked
16,14,16 42 t0 200 1/4 cracked L 1/4 erocked
510 12 412 1o 400 OK p1:4 OK
271217 41 OK 18 1/4 cracked
38,1318 A3 1/2 eracked 16 1/2 cracked
491419 44 oK 1 1/4 exacked
1611 42 2/3 eracked 18 2/3 eracked
27 1o 41 OK 18 1/3 cracked
38,13 43 OK 18 OK
495 14 44 1/2 eracked 14 1/3 cracked
512 1z OK 1g Cracked
159,13 42 1/2 eracked 16 1/4 cracked
26 10,14 45 OK 16 oK
371115 46 1/2 cracked 16 1/4 cracked
461215 47 OK 1g 1/4 cracked
17 18 12 -_— 18 Cracked
1,5,9 42 Cracked 1g Cracked
z2610 415 Cracked 18 Cracked
3T 48 Cracked 18 Cracked
4812 41 1/3 cracked 15 1/3 eracked
0,13 12 oK 18 Cracked
1,6,11,18 42 (o114 1s OK
2,7,12 45 oK 16 oK
2813 44 2/3 cracked 16 2/3 eracked
4,9, 14 47 2/3 cracked 16 2/3 cracked
5,10 15 12 0K 15 OK
16,11 la 42 ox 16 OK
2,7,12,17 45 [¢1.9 18 OK
3 B, 13,18 46 o} 4 18 OK
40,14 3rd 47 oK 1 OK
5,10 15 2nd 12 OK 18 oK

Graphitized

?:lzéoenu’sn Cam # 12 «- 2 72 br cycle
0K 20 to 45°C at 1 125 */hr
Cracked hold 10 hr at 45 C

45 to 90 C at 3%/hr
40 to 138 C at 2%hr
198 to 200°C at % 167 /hr

1/2 erached
Flne side cracka

1/4 eracked

1/% eracked hold 8 hr 4t 200 C

1/4 eracked Furmee Cool o lcom Temperature
All exacked

1/1 cracked Cans ¥ 33 n+ b ==n 144 hr cycle
Crached 20 to 50°C at 2 5%hr

1/3 eracked 50 to 200 C at 1 138 /hr

Grached Furnacc Ccol to Room Temporature
1/4 cracked

oK Cwm # 34 a+ b ~~n 144 hr eyele

1/4 eracked 20 t0 90 Cat 2 5%hr

1/4 cracked hold 40 hr ut 90 C

Cracked 90 to 140 C at 2 §%hr

Cracked hold 140 € for 32 hy

Cracked 140 to 200 Cat2 5 /hy

Cracked Furnace Cool to Roem Temperature
All surface cracked

Crached Cam # 35 ~= a 72 hr ¢ycle

3/4 cracked 20 4o 200°C at 2 5 /hr

oK Furnace Ceol to Room Temperature

2/3 eracked

2/3 eracked Cam # 36 -~ a 72 hr cycle

2/3 orncked 20 to S0'C at 5 /hr

OK hold 20 he at $0°C

OK 90 to 140°C at 5*/hr

CK hold 16 hy at 140 C

OK 140 to 200*C at 5 /hr

OK Furnace Cool to Room Temperaturs

Cam ¥ 16 == n 44 br cyele
20 to 450°C nt 0 G45%hr
45¢ to 800 C at 23 8582%hr
hold 2 hr ut 500°C
Furaace Cool to Reom Temperatura

TABLE 16
CAM-CONTROLLED HEAT-TREATING CYCLES

Cam # 37 == a 63 hr cycle
20 to 55'C &t 0 763/ hr
55 to 310°C at 13 42 /hr
hold 16 hr at 210°C
310 10 400°C &t 22 5 /hr
400 to 800 € at 33 333%hr
Furnace Cool {0 Room Temperature

Cam ¥ 38 ~=a 60 hr eycle
20 to 825°C at 13 417%hr
Furnzce Cool to Reom Temperatura

Cam # 42 — o 40 by oycle
20 to 420 C at 10%hx
Farnace Cool to Room Tempernture

Cam # 43 =- a 72 hr cycle
20 to 425*'C at 5 5 /hr
Furnace Cool to Reom Temperature

Cam # 44 == 3 71 hr cycle
20 to 100°C at 12 §%/hr
100to 185 C at 2 /hr
185 to 425 C at 10 7%/kr
Furmace Cool to Reoin Temperature

Cam # 45 — a 53 5 hr cyele
20 to 420°C at 7 5%/kr
Furrage Cool 1o Room Temperature

Cam # 46 ~~ o 80 hr ¢ycle
20 to 420°C at 5 /hr
Furnace Cool to Room Temporature

Cam # 47 == 0 100 hr cyelo

20 to 420°C at 2 §%hr
Furnnce Cool to Room Tempersture

23



cooling to essentially room temperature In about 3 hr

Properties eo far determined on the graphitized Bpac-
imens are listed in Table 17

Plots both of graphitized density (Fig 6) and of green
rod diameter (Fig 7) v8 extrusion prossure show pather
abrupt changes In slope between 8000 and 10,000 psl  Evi-
dently, with the extrusfon equipment and materials belng
used, there [s little further compaction when preasure is
increased above about 10 00O pal

As i3 illustrated In Flg 8, tho extrusion pressure re-
quired increases rapidly with visconlty of the binder resin
Scatter is broad  due perhaps to lubricatng ¢lfeots of cer-
tain binders and to temperature varfations [n the mix and
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EXTAUSION PRESSURE, 107 pal

Flg ¢ The Effect of Extruslon Pressure on Denslty
AAS Graphites
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EXTRUSION PAESSURE, 107 pol

Fig 7 The Effectof Extrusion Pressure on Dlametor
of the Green Extruded Rod AAS Graphltes
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VISCOSITY, 10° ¢p
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T
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EXTRUSION PRESSURE, IDa psi

Flg 8 The Effect of Binder Viscostty on Extrusion
Pressure, AAS Graphites

the die, but the relation s roughly linear The rapld fn-
creasa of pressure with viscosity indicates why witha
fixed binder to filler ratio and wide variations in binder
viscoslty ftwas i ible to maintain tant extru~

ston conditfens throughout the series

‘The elfects of binder viacosity on binder carbon ros-
[due and graphitized density are fllustrated in Fig 9and
10 Increazsing viscoelty nbove nbout 2000 ep had lttle
eoffect on either The Inercase In carbon residue with
hinder vircasity aceounts for enly about ono-half of the

Y
T

}

CAREBON RESIDUE,

1 1 | 1
*% [ [ E) 4 8

BINDER VISCOSITY 10° cp

Ftg 8 The Effect of Binder Yiscosity on Binder Carbon
Residue, AAS Graphitcs

Lot

No

AASL
AASL
AASL
AAS1
AASL

AAS1
AAS]
AASL
AASZ
AAD2
AAS2
ApS2
AASZ
AASZ
AAS2
AAS2
AAB2
AAS2
AAS2
AASZ
AAB3

AASE
AASE
AaS4
AAS4
Adsd
AASq
AASY
AASH
AASSH
AASS
AASH
AASS
AASE
ANSH
AASSH

Carbon
Reaidue,

Rod No %
1 45-46
1B 45-46
2 45-46
2B 15-46
5 45=-48
5B 45-46
4 45-46
4B 46-48
6,8 45-46
13 44-45
13B 44-45
10 44=45
108 44-45
5 44-45
5B 44~46
& 44=45
6B 4d=45
1,9 44-45
$B 44-45
18 44-45
1B 44-45
1thru 14 ——
6 —-—
7 —
E) ——
3 ——
4 ——

1 60 1
9 —
10 -
8,11, 14 99
7
8
4

i}
4,10

11
3,12 13,14

Denaly,
gfem

L I I T I S e R L T O N N L L T e R e I R S ™)

TABLE 17
PROPERTIES OF AAS GRAPHITES

865
879
886
878
878
885
884
883
892
887
890
898
B892
484
893
896
890
880
890
897
a1
868
908
206
g0e
83%
-4
02
907
g09
06
207
905
802
908
906
906
903

Elcetrical Young's
Realstivity, Modulus

pltem 108 pai

1044
1101
1101
1059

1050
945
1042
1031
1092
1069
941
993
1078
885
1072
948
975
1037
928
955
985
912
983
933
1058
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AASY

AASY

AASH

AASL0
AASIo
AAS10
AASI0
AASIO
AAs1L
AASI1
AASI1
AASil
AASLL
AAS)z
AASIZ
AASIZ
AAS12
AAS12
AASL:
AASLY
AAS13
AASL
AASiI3

Rod No

1,6 11 16
5 10 12
27,12 17
381318
451419
1,6,11
37,10
3813
495,14
512

1,5 9,13
2610 14
3715
48,12 15
17,18
158
2810
37N
48,12
013
161116
2712
38,13
4914
5,10,15
161116
27,12 17
4,8,13,18
£9 14 3rd
5,10, 15, 2nd

TABLE i7 {Continued)

Carbon
Resldue

%

49 B 2
50 2:0 3
50 210 1
50 910 1
51 440 3
50 T40 2
61 240 2
51340 1
61 60 1
51 620 1
51 340 2
51 010 1
S1 00 3
50 910 2
51740 1
50 110 4
50 210 ¥
50 410 2
50 810 4
50 90 05

Density,
chmtg

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

868
911
884
arl
77
876
876
501
906
907
905
906
906+0 003
91020 003
912+0 003
91420 001
9080 003
50340 001
50240 003
90710 003
90810 005
28980 004
91120 405
91240 004
91120 (04
91310 001
9070 002
9010 (02
90440 001
90540 003
90440 002
00810 1005

Electeical
Resistivity,

uflem
1147

1172

11s
1108
1110
1105
1089
1053260
1031189
1078230
101584
1020120
1030441
1029443
1039426
10012689
1056425
1050.13
109125
1016142
1039443
103820
9848
982414
87621
979123
969£19

Young's
Modulus,

MNP KRR RN N KRN KRR NNNBRNN N

106 psi

680 1

690 1

11z 1

T140 04
T110 02
610 08
$3:0 04
€520 02
6340 03
5020 14
630 06
63+0 06
6540 04
6610 02
6oz 04
8210 02
5340 03
6520 04
8440 01
GRy0 01

T 1 7 T
R . o _
L
"ersof- ] . o
g
-3
> b . 4
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=
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BINDER VISCOSITY, (0° cp

Fip, 10 The Effect of Binder Viscosity on Graphltized
Dunsithy, AAS Graphites

accompanving Increase in density  The restof the den~
sty change must be attributed to the veaulting Inerease
In extrusion pressure, which reduced diameter of the
green extzuded rod and finally Increased graphitized den=
sl

loung's modulus and electrical resistivity of the fin-
Ished graphkte were not much affected by varlations In
viscoslty extrusion pressure and heat-treating eyeles
preceding graphitization

F__ Boronated Grayhites, AAM Series {f M Dickinson)

The AAM serica of boronated graphltes has been made
primarily for use in thermophysleal-propertics studies
Compasitions and extrusion condltions are summarized
in Table 18 En which two similar, boron-free graphites
{rom the AAP serles have been Included for the purpose
of estimating batch=to=bateh varlations of properties of
nearly identfcal graphites Al graphites Neied were cured
and baked [n similar cycles Lots AAM3 and AAM4 were
graphitlzed only t0 2400 C  All other Jois were graphi-
tized 10 2800 ¢ Preliminary results from properties
measurements indicate that the beron-containing graphites
are remarkably uniform fn properties, and that even very
amzll boron additions have large effects on thermal and
clectrical properties

V__STRUCTURAL STUDIES

A__X-Ray Diffraction T A O'Rourke}

1 Characterizatfon of Coke Flours

Four of the commerckal coke [lours used as fillers
in manufacture of the 34 Series of hot-molded graphites
deaoi ibed above have been examined by a-ray diffraction
in the as-recelved cordition and ofter 39-tnin heat treat-
ments at 2000°C and 3100°C  Flours C=3, C=4 and C-%

‘TABLE 18
MIX COMPOSITIONS AND EXTRUSION CONDITIONS, AAM GRAPHITES

Mix Composition, % Extrusion Dia
G-18 Thermax Boron Vareum Conditions Green

Lot Grarphite Carboy Metallie 5182 Pressure, Specd, Red,

No Flour Black Powder Blndox psi in /min In
AAM4 66 93 11 81 (TP-3) 0 21 26 6400 144 0 505
AAPZ9 86 93 11 81 (TP=3) 0 21 28 5400 150 0 504
AAP30 66 93 11 81 (TP-4) 0 21 26 7600 171 ¢ 502
AAMG 68 88 11 81 (TP-4) ¢ 041 21 24 5700 171 0 504
AAMT 66 85 11 81 (TP-4} ¢ 091 21 28 5700 171 0 504
AAMSE a6 7 11 81 {TP=-4) ¢ 158 21 28 5700 m 0 505
AAMI 66 aT 11 59 (TP-3) 0% 21 26 8400 144 0 505
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TABLE 19
CRYSTALLINE PARAMETENS OF COKE FILLER FLOUTS

Lot Ha Neat Treatment Com ponent T"_c_I dooz' b
c-3 None Crystalilen 800 3 36
c-3 Nonz “Amorphoes BT 3 44
-1 30 min at 2000 C Coempesaltc 340 3 375
c-3 30 min at 3100°C Cornposite 410 3 7
C-4 Rane Crystalline > 10410 3%
c-1 Xanr: "Amoyphau, 25 344
cH 39 mln at 2000 C Compo4are 255 3 391
c-4 3¢ mfa nt 3168°C Compaghb: 280 3 368
o-5 HNane Crysthlza =100 336
G5 None "Amorpeis 24 5 34
C-5 30 mlin &t 2000 C Composlee 257 3 289
C=5 39 min at 3106 C Coemposite azb 3 258
&-10 Nane —_ 232 344
c=-10 39 mln at 2000 C _— 330 3 387
c-10 30 mkn at 3100°C _— 495 3 364

were Cllsecarbona nominally 100-mesh, 200-mesh and highly erystalline component present {n the na-received
BRE~-meRh respectvely  Floug 0-10 was Grent Lotes materinl

Grade 3807 coke Mour, which war relatively coarse and Lot C-10 appanred 6 be o nermal coke, whick graph-

was growmg fo =400 mesh for x-tay examizaton  After itized gatte well Rowever, the degree of styatalifniy
grinding it was po Inager lsatropde in hohawdor but pack-  attained o heat=trgstnent ad 2000°C was unespectedly
ed dn the x=pay ssmpde belders with o fokely high degree high
of planay anlsotropy

[ the ap-reccived condition, all three of e Gilzo- w&e_m_m_m%_mm-
aarbues contained 49 dlstinet componenta, one of which ol Graghiton

was erystalline and the other nearly amorpbous  The
coaraest flour, Lot C=3 had nearly 50% of the eryatal-
linv cumponent, ored the 8thor tao had much pmaller

Femy samples of commerclal graphite were examined
for LASL Group CHF-D to determina thedr acvstalline
parametors und ondectrcpies, a8 an Ald 30 caplination of
propertles dlfferencea thought ko cxist amang them  The
x-ray results are Jisted in Tuble 20 The LASL sample
of AGOT graphito wap received s the farm of 5 gylindri-
cal shape which had baen machlzed with its cylinder axis
approximately nornnl to the exirusion axia [t was not
pwenible to lecate the oxtrusion axds accurately enough to
determine the vaxatlon in basyl-plane concestration at
low values of the aegle &  In I%m case therelore, an-
tzolropy ie ¢horacherized by the M-valuc oxly

&mouale Iz Tobie 15, crystaliloe paramaters are lfsted
for both componenta of the as-received Glisaporbons
After heat=treabmont at 2000*C the diffraction profflon
from o1l three of theae mater (e sontinted to demon=
strate the presence of the two cumponents, bt the peaks
could na longer be vesolved for soparate analysis and
only nveripe parameters apo Ustid  After hootetront=
ment at T100'C enly a sMght Indication of the necond com-
ponent could be deteeled  The maileriz) was gulte highly
erystalline, nlthough on the average leas s than the very

TABLE 20

CRYETALLINE PARAMETERE AND ANISOTRCFIES OF COMMERCIAL GRAPHITE AAMILES

Lude L ) dgqz ) M o /%o
ALOT {LAEL} 510 3 251 25 ——
AGOT (fatelle) 525 1 T80 2 an 161
ceH 565 131 35 154
CEQ 115 1404 ~ 20 <1 05

The ACOT samples from LASL and frem Britelle
differed 1oy ifttle in etyatalling paynmeters gl anicot-
rop Glde CCH wis slmilar to AGOT [n degree of
cristalllnlt but had a distinetly bigher degree of pre -
o1 rd erleptation  Unllke the other wo grades, CEQ s
1 malded rather than an excvuded graphite  The sample
examined wis nearly laotrople and was not highly graph-
itle

3 _Pyrocarbons anc Pyrographites

CrpeblHne paramsotert have hoen determined and
impurit, studizs mada cn & varietr of pveolytla carbans
and grapaltes [n varlcias conditions of heat treatment,
for LASL Group CMB-% TResults of theae exam Inatlons
will be temriod by GHB-E

B__Optlcal and Eleciron Mlcroscopy (R_D _Reiswip,
L 5 Levinson

1 _Heat="rreated Carken Blaek

It was previously reporied (in LA-3832-MS) that a
stnall aample of Thermox carbon hlack had been heat-
treated far 30 min gt 2000°C and abserved to change in
partlcle ahape [rom spherical to polyhedral and to graph-
ftize exicnstvely  The changes were unexpeetedly [args,
and the possibility wos considercd that seme catalyzing
impurity hod Geen present In o cructble used  Tho ex~
periment waa therefore repented an anothor somple from
the sama bt {(TP=J4) of carbon binck, using 4 clean eru-
cible which had {taeff heon heat-treated to 2890°C  The
stme e¥inges Ik the cnrbon blach woere ohsereed do accur

i about the same degree, and B 13 coneluded that this ix
the pornzt behgvlor of Thermay ¢nybon block

2 _Fracture Path in AAQ] Graphlie

Longitadlas! lang threwgh zebumal AAQ mruphite
test bare which had becn broken in tensfon at a variety of

temperaturcs have been examined, primarily to abserve
the path Ivllwed by itha [cbire  Attempia o do 2o by
mounting and segtivaling only onc half of the bt kar were
unsuccenstul principally beeause, wheiher a {iller gramn
or binder residue wza exposed lozally at the [rzcture
surfaca 14 waz never kmown whallide the matching voglon
in the orposite curface vepresentrd the same mix com-
ponent or nn Entgrfzern with the otter companent  Accord-
ingly onehalf of one teet bar was eleatroplated with sil-
ver to a thicknogs of abaut 0 000,1En ke bar was re-
assembled and sectioned and the seetion was examined
microzcopleally  Wlih the sllvgry preocnt & rekeck the
{racture path positively, opteal mieroscopy at Jow mag—
nification was reasonably satisfactary However the
metallic layer was too thick and mating of oppasktng sur~
facer top impreize [or slietthn misonscopy  Basl yo=
sultz were abtained by slmply reasecmbling the broken
specimen wlth no preparation of fis fracture surlaces
mouablisy the reagsemnbled specfren In o low-viasonity
epoxy nunting resin om depending on vaguum-impreg-
nation darkag mounting to mark G fraciure poth and as-
zoolated reack syetem with realn 1t did so vewy effec-
tivoly

In 44Q1 graphite broken in tenalon at Toom tempers=
ture or at eny elevated ternperature b 2750°C, the froc-
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ture path {= partly through filler particles, partly through
binder residee and partly along filler-binder Interfaces
- Unlike high-density plich-bonded materlals, whera trans=
granular facture s In goneral quite atrongly preferred,
the fracture path in this resin-bonded graphite showed
some preference for the binder residue  However, where
the fracture encountered a {ftler particle whose lamellay
internal structure was approximately normal to the ten~
sion axis then the filler mrticle was cleaved Where
the lamelkae of the filler grain were nearly parallel to
the tension axis the fracture path usually detoured the
gealn  following its [nterface with the binder

3 Scaly ve Lamellar Microstructurca

Az has been described In previous reports in this
series, the internal structure of n reasonably well-crya-
tallized graphite may have either a scaly or a lamellar
appearance according 1o the orlentation of the basal planes
in the graphlte relative to the section examined The
transition from one appearance to the other has been
observed to oceur very sharply as this angle was changed
but the preclse angle at which the transition oceurred
eould pot be determined b of ambiguities In meax-
uring the orfentations of non-placar graphite liyers

In an atlempt to determine this transition angle more
precisely i were Ined which had been cut at
varicus angles thiigh a specimen of pyrolytic graphite
whose structure had been fmproved by a high-tempern-
tare swivelling treatment, Localiy the graphite layers
were essentially flat, and good angular measurcments
were possible It was found that when the angle between
the surface examined and the average basal planc orienta=
tion was 45° or less, the graphite atructure appenred

scaly When thix angle was 48 or more, it appeared
lamellar At angics between 45 and 48* the appearance
was a mixture of scaly and lamellar patterns

4 Yested Creep Specimens

Three specimens of AAQI graphite which had been
teated in tenaile creep were examined microscopically
particularly o determine the nature and thickness of

>
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vaper=leposited coatings produced pr bly by vapori-
zation of carbon from the graphite heater tnbe and its
condensation on the slightly cooler speclmen A speclmen
tested at 2500 C showed no detectablo deposit  One tested
at 2650°C had a coating ranging in thickness up to 104,
whose internal siructure had the appearance of 2 pyroly tie
graphite The third specimen, tested at 2720 C until the
heator tube burned out, had a similay coating up to 1004
thick, some of which may have been depostted when heater
burnout occurred

In previous experiments, similar coatings on tensile
test bars have been found to have no significant effect on
ultimate tensile strength subsequently measured at room
temperature It is not clear, however, that thelr effect
15 equally small when e test 15 made ot the temperature
at which the coating was deposited, or that it 13 the same
in a creep tect as in & tensile test made at n much higher
strain rate  The possibility remains then,that the thick-
er deposits produced in tests made above about 2500 C
may significantly affect the ereep bebavior chserved

Vi PHYSICAL AND MECHANICAL PROPERTIES

A _ Sound-Veloclty Studies (P E Armstrong)
-

A scries of measurements has been made on a group
of hot-molded plich-bonded graphite specimens made
Irom the products of grinding commercial Grade ¥BF
graphite in a flafd-onorgy mill  The specimens, llsted
in Teble 21, were in the form of rectangular parzlielepl=
peds 0 Sx0 5x2 0in , machined from 2 5~-in dla
melded dlses  'Thin-rod resonance frequencles and
3MHz pulne-transmission velocities were determined and
campared with thin=rod measurements previousty made
on 0 25-in dia yoda machined from the same dlacs  The
AMHz pulee was cesentially absorbed by specimens 5-4-3
8-5-3 and §-6-3, made from tho cozrscr flllers so that
no detectable sigral reached the receiving transducer

The "thin-rod" resonance measurements on the ree=
tanpular specimens produced Young's modulus values
which were within 4% of previcus thin-rod measurements
on 0 25-in diz rods

TABLE 21
SOUND-VELQCITY MEASUREMENTS ON HOT-MOLDED, PITCHi-BONDED GRAPHITES SERIES S

0 25=In_dia Thin Rod

Young's
Specimen  __Filler Used . Density, Mo%ulus
Mo lotNo = <SGy _glem® 107 peb
§-2A-3 T{YBF)-12 99 1 1 863 Z 808
1 862 3 004
§-3-3 TXBF-4 42 3 I 876 2 152

1 872 2 765

S§=4=3 TYBF)-2 167 1832 1 807
1827 1 746

5-5-2 TEYBF-1 10 4 1 820 1 484
1 843 1 502
5-6-3 GP(YBF)-6 2 6 1 788 1 140

793 19024

* With-grain
% Across-grain

— TReoanpylar Parallelepiped
Young's ,  "Thin-Rod} Bulk
Densi Medulug V;lunlty V(r:_lac!ty
gfem 10° psi 10° i /sce 107 o fsec

1 ga1 a 212 136 1 a1

— - — 1 oot

- x

1 266 2 739 125 131

s

- -—- — 0 61"
180 1 &6 —— -—
1 ado 1538 - -
1 763 1134 - -

Bulk veloclties from pulse-transmission measure-
ments b theory ennnot be compared directly to thin-rod
veloglties, nlthough in this case the values differ by only
about 5% The ratio of bulk velocities perpendieular and
parallel to the pressing direction ylelds one Kind of an~
isotropy ratlo 'This was 1 31 for specimen S=2A-3
made from the finest filler, ond 2 15 for specimen S-3-3,
made from the next coarser flour Tho sguares of these
ratios, 1 72 and 4 62 should approximate the anisotropy
ratlos with regard to Young's modull There 18 ne obvi-
oun correlation between these two sets of anisotyoqy ra=
tios and ratles for the same graphites based on electricnl
resistlvity, thermal expanalon or crystallographic ori-
cntation, cxeept thatl all of them indleate o relatively high
degree of anlsotropy In both samples  In propertics
other than bulk veloelty and Young'a modulus, it is the

graphite made from the [inest flour which is most amso—
tropie

I Statis vs Gveamie Young's Modub {F E. Aversteomdh

On the basis of previous experiments here and else—
where in general fovolving prtch-bonded commercial
graphites it bas been assumed that ke valee of Young s
modulus determined dynamically (¢ g b a resonance
technique) is the same as that which would be determined
statically (¢ g ina Jow atrain-rate tenaile tost) at very
Jow loads or after a few oyoles of loading and unlonding
Dynamie Young's modulus ham theyefore bacn used gener=
nlly In this scries of reports without comment

Recent exporiments on AAQL graphite  described In
detnll in n topleal roport on that material now boing pro=
pared, suggeat that this assumpilon may not be correct
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at least for resin-bonded graphites The dynamic meas-
urimunts lavolved dere very roproducible and are report-
«d with confidence  For consistengy all static measure=
munts were made in Jow straln-pate tensile tests during
inltizl loading of preslously unstrained specimens, and
uslng an optical trachlng system for strain measurements
For scveral rcasons  the quality of the statfc measure-
ments was ol high  Howewer, for temperatures below
abaut 1500°C  they appeared o Indlcate a statlc modulus
which inltially was considerably below the dynamic modu=
lup  although it Encreased somewhat on repeated loading
Abovc 1500 C the fnitlal static modulus appeared to do-
ercase quite rapldiv with Encreasing temperatare while
the dy namic medulus contitued (o increase toward a max-
imum value near 2300 C

Ina prediminary exploration of the relation between
static and dy namic values of Young's modulus in resin-
borded graphites both types of mezsurements were made
at room t.mperature on three specimens of AAQL graph-
ite having gage sections 0 25-in dia and 0 in long
Dynamlc measurements were made by 2 thin=rod reso=
nance technlque which gave values of 2 375 x 106
2 370 x 10° and 2 386 x 10% psi for the individeal rods
Statle measurements were made En a low=Iovel stress=
siraln apparatus in which slowl ~applicd dead-weight
leading is used o develop tensile stress up o about 22
psi and strain Is measured with an unbonded strain gage
In spite of precise instrumentation, carcful measurements
apd ate of 3 very low stress range  siatic modulus values
scattered broxdly and crratically from specimen te spec—
imen and during successive cycles of loading and unload~
ing the same specimen Most probably values were
Jidged to be 2 12 x 10%, 2 25 x 10° and 2 01 x 10% pa
Load ve extenslion records were generally curved during
the first cycle or two of loading their alope decreasing
with [nereasing strain  becomling essentlally linear in
later cycles  Usually but not always a lower loading
rate {4 o psi/min) gave lower and less consistent modu-
lus values than did a higher rate (9 O psi/min)  Modulus
measured during loading was usuzlly, but not always
lower than that

Static Young's moduli determined In this way were

od during subseq toading

2

signifteantly lower thah the dynamic modull of the same
speeimens  although distinctly higher than those derived
from the regular tensile teats  In view of the anelastic
behas for of graphite it fs possible that -~ even ot room
temperature -~ this indieates a time~dependent relaxation
which reduces the apparent modulus In n “'static’ test
Unless and until \kis is demonstrated, however 1t Is 5im=
pler to asaume that for this typ. of graphite, at least the
streso-atrain curve Is quite strongly curved even ot very

low stressos

C__Torsional Properties (D T _FEash)

SIxteen specimens of commereial Grade AUC graphite
have been teated In torsion at room temperature Ina re-
cently-completed torsfonal adapter for an Ingtron mechan~
ical teater  Average modulus of rupture was 1985 pai
with standayd dovintion of 185 paf  Additional tests nre
planned on the same material 1o Investigate the usefulness
in thls applieztion of n guick-setting ¢poxy cement, lo
attach specimen ends to loading fixtures If this cement
is satisfactory 1ts use will greatly reduce the Hme re-
quired for s2mple preparation

D Creep Properiles and Mechtnisms (W V Green,
E_G Z7ukas § Weeriman

1i__AAQI Graphlte

Primarily to compare the operation and results of a
new crecp-iesting furnace with thoge eof the unit previously
used, several additional tenaile creep testa have been
made on AAQIL graphite Two testy at 2500 C and 5280
pal gave results which agreed well with those previously
reported for the samo temperatuze and stress A change-
In-load test made at 2720°C indicated that ereep rate was
proporticnzl 1o the § 0 power of stross, compared with
provioualy-roported values of T 8 at 2500'C and 9 2 at
2300°C A change-in~temparatuve tost avor the rangs
2400° to 2050°C gave an apparent activation cnergy for
tensils ereep of 232 keal/mole, compared with about 250
keal/mole proviously reported

These results nra felt to ropresant good agreciment
with thoae obtained on the same graphite In the system

meviously used

2 Fracture-Mechanics Studles

An attempt is bolng made to apply the techniques of
f11eture mechanles 1o the problem ¢f ¢rcep In graphite
Tt equations used in fracture meckanics have been mod-
Efied to include conslderation of time-dependent ereep
stinin in o highly anisotropie system At least mathemat=
leally the plcture that [s being duveloped resembles cer=
tain dlslacatlon models of erack extension and opening in
more conventional materials

Experimentally, tensile bars of the same design as
these previously used for sequentinl mieroscopy have been
machined from ZTA graphite, with the tenstle axis paral-
lelto the preferred c-axls directlon so that large strains
will precede fricture  Under creep condltions, a hole
drilled through the center of the gauge section nng been
cbserved to gre # by spreading of eracks normal to the ten=
slon axEs cutward from the edges of the hole At first the
créep strain i5 so Jocalized that it does not measurably jn=
crease the gage length of the specimen  However, logal
straln can be measured at this etage by interrupting the
ereep tosts at intervals and photegraphing the same arens
on the specimens repeatedly at modcerately high magnifi-
cation Subsequently, as creep I8 continued, the zone in
which cracks develop spreads throughout the speeimen
and the Increase In gage length becomes caslly measurable

E Thormnl Copductivity (P _\Wagmer}

Samples of AAQL graphite have been furnished to
LASL Group N-1 for thelr independont mezsurements of
its thermal conductivity “This lot of graphite is uniform
enough awd sufftelontly well characterized so that It may
prave {0 be useful as a reference meterlal for high=tom=
perature conduotivity measurements

‘Thermal conductivities of specimens of Armeo Iren,
wolybdenun, and tungsten, which will bo used by LASL
Group CMB-11 as reference materlals in a serios-com-—
parlson conduetivity nppavatus, woro dotermined by the
{lash-dtffusivity technique

F__Thermal Expansfon (P Wapner, P E _Armstrong)

In collaboration with ether NERVA-ROVER Labora-
torles, CMF-13 {8 participating In a "round-robin" serles

of high-temy o thermal {on measur te on
a sample of POCO Grade AMX-5G graphite Two Inde-
pendent Bets of measurements will be made in CME-13
which will be compared with the results of measurements

by other laboratories
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