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A det ai I'ed description for producing nesophase pitch can be found in U.S. @
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833,963 filed on Cctober 3, 1977 in"the 20 nane of Stephen Chivastick, all

of whichiare incorporated herein by reference. ‘
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Bromine Vapor Pressure {mm Hg)

Material : 20°C 54°C  71°C
Mesophase - Bromine 52 9.7 33
Bromine 220 640 1200

. As evident from the data shown in Table Il, the mesophase/bromine-containing charge transfer
15 complex had a bromine vapor pressure substantially below that of bromine. '

EXAMPLE3 . o - o _

Samples of the mesophase/iodine-containing charger transfer complexes were prepared as in
Example 1 at 200°C using the weight ratio as shown in Table I}l. The conductances of these samples
along with mesophase pitch and iodine (1,) were found and the data observed are shown in Table |li.
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it a obtai ned are shown in Table |. TABLE | Reaction  lodine Vapor
Lessure (mn Hg) - Charge Tr ansfer Conpl exes’ : ) .. Synt hesi s or
odine . _ Temp. [err]C 12[ * Mesophase

'94% fodi-re—by—wei-ght—— —— 2000 o-—d—.GB 64577 B 6
Mesophase 95% | odi ne by wei ght - [err] 0.1 _ 1.\7/
6.8 Mesophase  95%:1 odi ne by wei ghi"ABLEHI - .2000 - 0.2 - 2.6
7.0 Mesophase 97% 1 adi ne by wei ght : 200 . . 0.2 2.4
8.1 Mesophase  97% | 0UfT g by wei ght Conductapsgighm™ cm™) ' 3 3.0
8.7 Mesophase- i ne by weight 0.2 . W49
8.4 Mesophase %sé%}éa?%dl ne by weight - u"%’é 18) 0.2 2.3
7.7 Mesophase jodi&d0 | odi ne by wei ght 133007 0.2 . 2.9
8.1 Mesophase 95% | odi-ne by wei ght - , 2000 0.2 2.5
8.7 lodine - Mesophase 67% lodine* ' 6.0-x 104 0.3 - 4.9
9.0 I\/Esophase rq%m n about 85% rresoph?%e,' ﬁ\_% ‘evident ‘fromthe
data shown in & ophase/ i odi ne- con g charge transfer 5
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“I1'l.. "The conduct ances. of these sanp}gggfj-ong W th . nmesophase pitch: and” -
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GB 2. 053 877 B. TABLE I I | M'ﬂel’l aI .. .. . cCel2z Conductance ([err])
' Current '  Current B '
'Veltage  density - Voltage -~ density
CAvolts) . . Afem? . . - (volts) . Alem?
276 . 26 . 271 27
286 56 2555 538
25 84 2.45 8
235 . .11 N 23 1
2.25 15 _ 22 14
21 . 20 195 185
1.6 .30 , 15 - 30
o8 .50 065 61
EXAMPLE 5 -

~ A0.457 inch (1. 161 cms) diameter button cell was constructed asin Example 4 except that the
can was. stamless steel and the- meésophase. pltch and iodine of the charge transfer complex wereina
" 20 weight ratio of one mesophase pitch to 16 iodine (mesophase .94% iodine). The cell was contmuously 20
dlscharged across a 1-megohm load and the data obtained are shown i in Table V.



Mesophase under 10' 1odine

1.7x 10-7 Mesophase 67%Iodi ne 6.0 x 10 -4 Mesophas
94% | odi-ne - © 2.2 X 1 05 *by wei ght EXAMPLE 4 Two “
0.457-irgh (1. 161 [err]) di aneter button cells were constru@;eg@-,% gﬁIBows 5
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ni ckel -plated cold-rolled steel container. A lithiumanode strip was placed

in a cover which was then 10 assenbl etP) ong 2%2h a gasket on top of the
container in a conventional manner sugdy that é’#ﬁ surface of 10 the anode

made contact with the surface of the cathode. The electrolyte, lithium

i odide, was forned in situ by the reagdd on of28de lithiumin the anode and

the iodine in the cathode. The two cells were then discharged for ‘10 second
‘periods across various resistive | oad®%nd t #e*%ol t ages observed were
recorded. Based on the total surface £a of t‘{}{c—; cat hode facing the anode,

the current density was 15 cal cul ate %r ea ol tage reading and the dat a

©obt ai ned are shown in Table IV. gotp TABlEd V Cel | 1

Cell 2 Current Current Vol tage density

Vol t age densi ty (voI ts) AlcnR2 1100 2.30 (vol ts) An 2.75
2.6 27T 276 56 : 2.55 -
.5.8 2.5 Ex&'ﬂ-‘,ﬁa&g _ 2.45 8 2.35

2.3 : 7 inch (1. 1&5cms) diameter button cells we?er nstructed as fgﬁ esophase 20
1.95 ase)/bromln argetransfercomplexwaspr ared by grinding hase pltcha

0.65. 5 dry&@ .tEBiAMHoEplﬁnA pantdiide foreOkeek i ahtilgos B )bok| TRETEAF@F thb tHetdphase®ltth Was 5.
constr uct eehddwomine Wrrampked tabethecie p welghtrbtid dfone aesaphasePiteti talldssnisd. Fhd resuitingt he
mesophase pharaeriragsier CP@a'ﬁhwa%ﬁsswdcmw lm'ataqh@rkérp"@@ | @8- Allithiumiapods spip

B 8}%55‘%%*%&% ﬁéﬁ% S

and the dapg tn?-ihgg héHeEThe &Y Was' tﬂe o4 for 10-sacond periods across various resistive
GB 2 053 8ibddsnd the5/oT4§L&>sVrva-d Wére recorded/8 §e396‘ the total surface area of the cathode facing the
anode, the current density was calculated for each voltage readmg and the data obtained were shown in

Table VI.
TABLE VI
Current .
_ : Voltage density .
. : : {volts) HA/cm?
3.3 ' 3.4
3.1 70
29 10 |
2.7 14
1.6 32
05 52
EXAMPLE 7

Two cells were constructed as in Example 4 except that the charge transfer complex employed
was a blend of 67% by weight iodine with 33% mesophase pitch (about 85% mesophase). Each cell
was tested as described in Example 4, and the data obtained are shown in Table VII.



(hours) (volts) 100 2.75 250 2. 65 300 2. 60 600
0 700 2.45 800 2.40 900 - 2.35 1100 2. 30 EXAMPLE 6
0.457 inch (1.161 cns) dianeter button cells were coristructed -as
gows. A nesophase (85% mesophase)/brom ne charge traggf£iosgodmy 8x WS - ,
pr epared—by—gridimygthe mesophase prrchand 5 arying 1 U using. pnospnonys———_
pent oxi de for a week in an argon dry box. ‘Thereafter the nesophase pitch 5
and brom ne were m xed together inT%P%%Wght rati o of one nesophase pitch to
1 brom ne. The resulti ngcqlhfar ge transfer conpl exgs assenbled in a nickel
plated cold roll ed_steel ©an. A lithium anode stTip was placed in a covers;
whi'ch was t hen assenbl ed al aqugemi th a gasket on tomredt the can in a
conventi onal manner veiugh t hatenditye surf ace Ofolthdee devsihe nade contact with
the surface of the dedsbde. i¥genThe el ectrol (reks) 1i4VMlm broni de, was for ned
in situ by the reactigrofthe [Tthiumin the. anode, and t he 10 bromne in-
the cathode. The cel F/fas ther?‘_l_éi_scharged fgr'agilo-sezdgnd peri ods across
various resistive | ogagg and thge vol tages obscgeved were recorded. Based on
the total surface area of the cathode facing the anode, the current density
- was cal cul ated for eagh voltage readi ng and 26¥e- dat@ obt ai ned were shown in’

Table VI. TABLE VI Current Vol tage density (volts) [err] 3.3 ' %
3.4 3.1 . 7.0 278 . 130 2.7 | 1%661.6 13 32 0.5 52 -
EXAMPLE 7 Two cel I's yepe consjgucted as in B@pl eq¢ except that the charge
transfer conpl ex enployed was a bl end of 67% by weight iodine with 33% .
nmesophase pitch (abopg85% nespphase). Eachxgd | was tested as described in
Exanpl e 4, and the data obtained are shown in Table VII. 6 . -
GB 2 053 877 B TABLE2WS| Cel |52 - 265 51 Cell 2 Current

Current ' '

-o2.31 231 ' ' 2.10 - 210

: | The twc-).c_ells_were then-te.st’ed as desbribed in Example 5. The data _obtéined are éh_own in Table

vill.
|  TABLEVI

ot . canz.

Time . \.Io.lt:a'ge- " Time .  Voltage

(hours) = (volts) - - " {hours) . (volts)

10 277 10 2.77

100 277 100 2.76

200 276 - 200 2.76

306 2.75 300 . 275 "'
500 273 © s00 272 . .

1000 2.67 1000 2.67

2000 250 2000 2.50

5 EXAMPLES - . o 5
- . Two cells were constructed as in Example 4 except that the charge transfer complex employed

was a.blend of 86% by weight iodine with 14% mesophase pitch (about 85% mesophase). Each cell

was tested as described in Example 4, and the data obtained are shown in Table IX.



Vol t age’ densi ty Voltage density (volts) ([err]/cnR) Y,
(volts) [err]/cn2 2. 72. 2.7 2. 69 2.7 2.71 p

6 2.68 6-2.71 9 2.67

2. 70 . 7' 13 : o 2. 66 13 2.69 18 GB 2 053 877 B 7
2.65( 18268 >F : 263 26—2-63

2.55 51 2.31 231 : 2.10 210 The two ceIIs wer e
then tested as described in Exanpl e 5. TABKEMat a obt ai ned are shown in Table
Vill. TABLE VIII Cell 1 Cel | @ Ti ne Vol t age

Ti mer Vol tage (hours)  Stlbits) (hodfl? (volts) 10

2. 77~ 10 @ 100 2.77  carrent 100
2.76 200 2.76 Voltage density200 Atok&ye300 density 2. 75

300 2.75 500 (véltsV3  (uA/cm?) 5@6its) (uAed2 1000

2. 67 1666 2—67—20666 2>—50 ' 2000

2 50 5 EXAMPLE 8 2.76 2.76 275 . 2.7%

5 Two cells were construgtﬁ)d as ip Exanple 4 except that ¢ he charge
transfer conpl ex enployed 'was a bl'end of 86% by “Wei ght iodine with 14%
nmesophase pitch (about 83%snmesoph@se). Each cel la.ayas testeed as described in

Exanpl e 4, and the data obtained are shown in Table I X 7

GB .2 053 877 B 7 TABLE7AX Cel 137 2.68 13 Cell 2 Current
Current Voltage densi Vol t age densit (voI ts)
([err]/cne) %%r‘ts) 8 rerr]/cne) 228 85 76 -
2.75 2.75 2.75 57 - 27 225873 26 6 2.75 9
2.71 9 2.74 13. 7 2.68 13 2.74 18

2. 65 18 2.72 2.687 54 2298 486 2.69 54
-2.41 . 48

243 . 243 - 1.57 167

The two cells were then tested as described in Example 5. The data obtained are shown in Table X.

TABLE X
Ce||_1 E Cell 2
Time | Voltage Time Voltage
{hours) {volts) (hours) -{volts)
10 2,77 10 | 2.75
100 2.77 - 100 2.73
_ 200 2.77 200 - .2.71
. 300 = 276 | 300 2.71
| 500 2.75 500 2.69
1000 2,72 1000 2.66
1800 268 1800 263
EXAMPLE 9 ; - -
5 A cell was constructed asin Example 4 except that the charge transfer complex employed was a 5

blend of 75% by weight iodine with 25% mesophase pitch (about 85% mesophase) ‘The cell was tested
as descnbed in Example 4 and the data obtamed are shown in Table XI.

-

_"D,



. 243 1.57 157 The two cells were then tested
scribed in Exanple 5. The data obtained are shown in Table X. TABLE X

1 Cell 2 Time °~ _ Voltage ° . Time
tage (hours) (vol ts) (hour s)  (volts)gdG 053 879 B ~
275106 2FF e ~—+56 2—f-3—200 e [ T
. 2.71 300 2.76 - . 300 2.71 500 e
2.75 - - 500 2. 69”%666' - 2.72 -~ 1000
2. 66 1800 2.68 2. 63 EXAMPLE 9 5 ‘A cell
was constructed as in Exarrpl e 4 eot t he charge transfer conplex ==
enpl oyed was a 5 bl end of 75%\§/¥olt§5| gh},g,-rf ﬁll ne with 25% nesophase pi t ch
(about . 85% rresophase) The cel cribed in Exanple 4 and

the data obtained are shown in Ta¥se X . 278
GB 2 053 877 B TABLE Xl Current VoI t age densr ty (voI ts) ([err]/cnR)
2. 65 2.7 2.65 %54 -9 2.64 - 13 2. 64

18 2.63 26 2.60 . ' 238 The cell was then tested as
described in Exanple 5. The data ta| ned are shown in Table XiI. TABLE Xl |
Time. =~ Voltage (hours) (volzt@p) 10 13 - 2.77 100  ~ 2.76 200 :
2. 75 500 - 2.72 800. 2.71 5 CLAIM5 -~
- 3 ' : 264 18

2.63 26

12,60 52 -

2.38 238

" The cell was then tested as described in Example 5. The data obtained are shown in Table XII.

TABLE Xl
Ti rne- : Voltage '
{hours) {volts)
10 2.77
100 278
200 2.75 )
500 272
goo  2.71
5 CLAIMS : : ' 5

1. A cathode for use in an electrochemlcal cell comprising a charge transfer complex in which the
complex is the reaction product of at least one halogen with a carbonaceious pitch and wherein the
. donor component is the carbonaceous pitch and the acceptor component is the at least one halogen.
2. A cathode as claimed in claim 1, wherein the carbonaceous pitch is mesophase pitch.
10 3. A cathode as claimed in claim 1, wherein the at least one halogen is rodlne andthe - - .. .- 10
- carbonaceous pitch is mesophase pitch. : :
- 4, A cathode as claimed in claim 1, wherein the at least one halogen is. bromme and the
carbonaceous pitch is mesophase pitch.
5. A cathode as claimed in claim 1. wherein the charge transfer complex is X. l2 where X is
15 mesophase pitch and wherein the amount of iodine varies between 50% and 97% by weight. 156
6. A cathode as claimed in claim 5, wherein the iodine varies between 80% and 97% by weight.
7. A cathode as claimed in claim 1, wherein the charge transfer complex is X.Br, where X is
mesophase pitch and wherein the amount of bromine varies between 50% and 97% by weight.
_ 8. A cathode as claimed in any one. of the preceding claims, for use in a solid electrolyte cell
20 employing an anode selected from the group consisting of lithium, snlver ‘sodium, potassium, rubidium, 20
magnesium and calcium.
9. A cathode as claimed in any ‘one of the preceding claims, for use in a solid electrolyte cell
employing an electrolyte selected from the group consisting of lithium jodide, tetrasﬂver potassium
~ tetraiodide cyanide, lithium bromide and tetrasilver rubidium pentaiodide.
25 10. A cathode as claimed in any of claims 1 to 3, for use in a solid electrolyte cell wherein the 25



Alc thode for use in an eenmlmm 3@!! conprising a charge

er conplex in which th j m eaction product of at |east
o %ogen with a carbonaceldUstltc a erein the dongg £ ogeNt s
t he carFpenacests—pteh—and—the—aeeept-er—conpo N
hal ogen. 2. A cathode as clainmed in claim1, wherein the carbonaceous pit
i s mesophase pitch. 10 3. A-cathoMBLEXiclaimed in claim1, wherein the
at l'east one halogen is iodine and the 10 _carbonaceous pitch is nesophase
pitch. 4. A cathode as clained in ¢claim1, Cyre% ein the at | east one halogei5
is bronmine and the carbonaceous pff%ﬁgﬁs ﬁﬁase pitch. 5. A cathode as
claimed in claiml wherein the_ch e tran fe lex is X 12 where X is
15 nesophase pitch and wherein t he gggpunt ofznodlne vari es between 50% and
97% by weight. 15 6. A cathode as clainmed in claimb5, wherein the iodine
varies between 80% and 97% by wei gi&65 7. A c&thode as clainmed in claim1,
wherein the charge transfer conplex is X Br2 mhere X is mesophase pitch and
wherein the amount of bromnine vari é&®%bet ween®50% and 97% by weight. 8. A
cathode as claimed in any one of thgprecedigg clains, for use in a solid
el ectrolyte cell 20 enploying an anode sel ected fron1the group consi sting
of lithium silver, 'sodium potassiaga rubidsum 20 magnesi um and
calcium 9. A cathode as clained in any one of the preceding clains, for
use in a solid electrolyte cell en®&ying akbel ectrol yte sel ected fron1the

group consisting of |ithiumi odide, etraS|I¥er pota55|un1tetra|oq|de
‘cyani de, lithium brom de and tetraiiQer ruB di um pent ai odi de.” 25 10.
A-cathode as clainmed in any of claidgg 1 to,3g for use in a solid .
electrolyte cell wherein the 25 B 2 053 877B f TABLE X1 Current
Vol t age . density (volts) ([err]/cnR) 2.65 2.7 2.65 6 -
2. 64 T|9e (%l'l @%s then tested gédegcr@éd in Example éra' hgdﬁg’obtamed are a@wgﬂﬁﬂble XIL 52
2.38 238 The cell was then tested as described in Exanple 5. The data
obtai ned are shown in TabI e X11. TABLEAQ%IXHTl me Vol tage (hours)
(volts) 10 2.77 100 2.76 2.75
Time . Voltage
{hours) (volts)
10 2.77
100 2.76
200 2.75
500 272
800 2.71
5 CLAIMS ' 5

1. A cathoda for use in an electrochemical cell comprising a charge transfer complex in which the
complex is the reaction product of at least one halogen with a carbonaceious pitch and wherein the
donor component is the carbonaceous pitch and the acceptor component is the at least one halogen.
2. A cathode as claimed in claim 1, wherein the carbonaceous pitch is mesophase pitch.
10 3. A cathode as claimed in claim 1, wherein the at least one halogen is iodine and the 10
carbonaceous pitch is mesophase pitch.
4. A cathode as claimed in claim 1, wherein the at least one halogen is bromine and the
carbonaceous pitch is mesophase pitch.
5. A cathode as claimed in claim 1 wherein the charge transfer complex is X.I, where X is
15 mesophase pitch and wherein the amount of iodine varies between 50% and 97% by weight, 15
6. A cathode as claimed in claim 5, wherein the iodine varies between 80% and 979% by weight.
7. A cathode as claimed in claim 1, wherein the charge transfer complex is X.Br, where X is
mesophase pitch and wherein the amount of bromine varies between 50% and 97% by weight.
8. A cathode as claimed in any one of the preceding claims, for use in a solid electrolyte cell
20 employing an anode selected from the group consisting of lithium, silver, sodium, potassium, rubidium, 20
magnesium and calcium. _
9. A cathode as claimed in any one of the preceding claims, for use in a solid electrolyte cell
employing an electrolyte selected from the group consisting of lithium iodide, tetrasilver potassium
tetraiodide cyanide, lithium bromide and tetrasilver rubidium pentaiodide.
25 10. A cathode as claimed in any of claims 1 to 3, for use in a solid electrolyte cell wherein the 25



500 © 2.72 800 2.71 5 CLAI VB (.1/3
5 1. A cathode for use in an el ectrochem cal cell conprising a charge .

transfer complex in which the corrpl ex is the reaction product of at |east
one hal 6gen W|th a car bonacel ous pi tch and wher ei n the do&gr %ggpé)p,egt g
t he ;;‘;“;. """ rE—aCtef O pPotes A .

hal ogen. 2. A cat hode as cI ainmed in cI aiml, wherein the car bonaceous pitch
is nesophﬂ%@“pﬁ'%'l‘? the garbonaceiaus pjichis mAtnbase gitehy e ﬁ%‘tﬂ’eisr\"‘*tﬂf‘&?’?ﬁthe elggielvisiin t he

li i
at | east '8 11ﬂ Jgals glaI Ogllnnaey gr'?edoftlra]gns1 Qor opggqueo fff o?yr%e ieﬁw rse%p ase
b %ﬁ b i
o is i

Piteh 4uehs mits. tht DR sbik itbite Hetoph al ogen
IS 'DTOB BRcrRdi uePsrbRiRaceous pit i's n"esop ase p| . A cathode ag
clained in CizaAmltﬁodHheElﬁhﬁdtﬁtﬂhuﬁhﬁdhgﬁar{t'hmﬂﬁh%mbﬁﬁpldé@énbeﬂ l%ni/znmeﬂiee Xis
15 mesophaegeingiEkamipleand wherei n t he amount -of iodine varies between 50% and
97% by wei ght3. An electrpchegicajicedl inclydifig a eashade 45 elaithed! i apy enerpf e pigseding dlpimhe
i odi ne, varie 6%?'9%'@?%@% %Ha”t@"?%'%'ya%\%ﬁ'ﬁ’l’ﬂ"f°“7des%'b6%d"ﬁB‘ﬂ‘é"ez%‘hE fossaelg i n
claim f i n the charge transfer conplex is X.Br2 where X is masophég
pitch and wherein the ampbunt of bromne varies between 50% and 97% by
wei ght. 8. ‘A cathode as cl ar'rrE'd—r'rT—a'rTy—Un‘e—Gf_t‘hE"pTecedl ng clains, for use’
Q1 a S0l i 0 BT MMIES P STEe a iy R et e SB Tt b ety oL
.consi sting of lithium silver, sodium potassium rubidium ~ 20 nagnesium
'and calcium 9. A cathode as clained in any one of the precedi ng cl ai ms,
.¢for use in a solid electrolyte cell enploying an electrolyte sel ected from
the group consisting of lithiumiodide, tetrasilver potassiumtetraiodide.
cyanide, lithiumbrom de and tetrasilver rubidi um pentai odi de. 25 - 10.
A cathode as clained in any of clains 1 to 3, for use in a solid -
electrolyte cell wherein the 25 GB 2 053 877 B 9 halogen is
i odi ne, the carbonaceious pitch is nesophase pitch, the anode is lithium
and the el ectrol yte is lithiumiodide. 1 1. A cat hode as clainmed in any one
of claims 1, 2 or 4, for use in a solid electrolyte cell wherein the
hal ogen i s brom ne, the carbonaceous pitch is nesophase pitch, the anode is
lithiumand the 5 electrolyte is Iithium brom de. ' : '
5 12. A cathode as clained in claim1l, substantially as hereinbefore
described in any one of the foregoing Exanples. 13. An el ectrochem cal cell
i ncludi ng a cathode as clained in any one of the preceding clains. 14. An
el ectrochenical cell substantially as hereinbefore described in any one of
t he foregoing 10 Exanpl es.
10 Printed for Her Majesty's Statlonery Ofice by the Courier Press,
Leam ngton Spa. 1983. Published by the Patent O fice. 25 Sout hanpton
Bui I di ngs. London, WC2A 1AY, from which copies may be obtai ned. :
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