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cells were prepared by using a gelling agent using a polyval ent vinyl
crosslinking agent alone: An LR6 dry cell F in which the gelling agent was
a granul ar crosslinking type branched pol yacrylic acid polynerized in the
same way as in the preparation of the gelling agent for the above dry cel
A ex®ept that no polyvalent allyl sucrose ether was used and that the
anount of the divinyl benzene EP 0 414 990 Bl was changed from0.5 g to
1.5 g, and an LR6 dry cell Gin which the gelling agent was a granul ar
gﬁfsllnking type branched pol ynethacrylic acid polynerized in the same way
the preparation of the gelling agent for the above dry cell B except
that no tetraallyl oxyethane was used and that the anopunt of the
pol yet hyl ene gl ycol diacrylate was changed to 1 kg. 5 A sodi um acryl ate
solution for polynerization was prepared from 1,000 g of 35% sodi um
acryl ate aqueous solution, 10 g of polyethylene glycol diacrylate and 1 g
of a@noni um persul fate, and the solution was subjected to
mass- pol yneri zation to give a polyner. The polynmer was dried and pul veri zed
to give a crosslinking type branched sodi um pol yacrylate in which not |ess
than 50% by weight of its particles had a particle dianmeter of 200 to 900
um (mcrons). An LR6 alkaline dry cell using sane is referred to as dry
cellsel0 H Simlarly, a potassium nethacrylate solution for polynerization
was prepared from 1,000 g of 30% potassi um net hacryl ate aqueous sol uti on,
7.5 g of polyethylene glycol diacrylate and 1 g of anmoni um persul fate, and
t he sol ution was subjected to nass-pol ynerization to give a polynmer. The
pol ymer was dried and pulverized to give a crosslinking type branched
poté?siuntpolynethacrylate in which not | ess than 50% by weight of its
particles had a particle dianeter of 200 to 900 mcrons. An LR6 al kaline
dry cell 15 wusing it is referred to as dry cell 1. Further, the sane
sodium acryl ate solution for polynerization as that for the above H was
subj ected to suspension polynerization in a mxture of 2,000 g of triol
with 20 g of polyethylene glycol mon®ol eate to give a crosslinking type
branched sodi um pol yacrylate in which not | ess than 50% by weight of its
particles had a particle dianeter of 200 to 900 um (mcrons). An LR6
al kal i ne dry



cell using it is referred to as dry cell J. Simlarly, the sanme potassium
nmet hacryl ate solution for 20 polynerization as that for the above | was
subj ected to suspensi on pol yneriEROdHH99NBH ni xture of 2,000 g of triol
with 18 g of pol yethyl ene glycol nonooleate to give a crosslinking type
branched potassiun1po|ynethacry|at& L& ich not |less than 50% by wei ght of
its particles had a particle di amet'@P+8f “200 to 900 um (microns). An LR6
alkaline dry cell using it is referred to as dry cell K. The above dry
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short _circpi Broppingny of egch of the cells jafter they were dfopped was
cqnpafed w gimesi fculkt durreldt reasuBed |befode they Were {ir opped.
Tabl e shows hoS, ™ brcent dge, of tlhe short| circuitjcurrentsfafter the
dropping to the short ewfcuit dqurrents thefore tihe dropping Tabl - 2 shows
di scharge fetentign tine# vBgn |t hegglRovie diyggcel | s ghet o K \ggge df schar ged
at 20,,* C pt—various curjents | BO 35 40 45
50 55 6 EP O 444 990 Blgfabl 2 3
4 5-Cel—A. 95% 85} 10 B
95 op c88 686 4384 |C 38 628 23 38
28 2B—+5 B 68 45~ 42 33 29 E
65 15 4E D40 680 4827 |[F 42 833 e 2 78
72 206 86 82 ~75 68 65
92 Eg83 681 4777 |25 40 30 2793 88
81 / 70 J 90 30 32 AR 72 K
89 85 Fg3 897 8474 |30 3B 40 45730 55 6%P0414990B1
; 20
el G 86 82 75 68 65
H 92 88 83 8l 77
2 I 93 88 8l 79 76
J 90 86 82 78 72
K 89 88 83 77 74
30
35
W
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W t s awiitout dpBiliny\avy sREGR! 0w poksibie td GBtain a sufficient discharge performance. The cells D and E
had low strength to shock. The cells F and G had low discharge characteristic although they had strength to

- shock. Further, the cells H, I, J and K were comparatively stable to dropping, however, their discharge
performance was low, since their internal resistance increased and their electrolyte did not sufficiently
contribute to a discharge reaction.

In the cells A and B of this invention, their gelling agents are granular crosslinking type branched
polyacrylic acids formed by deposition-polymerization, which are sponge-like granular polymers having
many pores in each of the particles, and the polymers have high shock-absorbing cushion property, or can
resist shock sufficiently. Furthermore, the polymers can easily contain a sufficient amount of electrolyte and
easily provide the electrolyte out of themselves during discharge. These are considered to be reasons why
the cells A and B of this invention were particularly excellent in shock resistance and discharge characteris-
tics.

The cell A of this invention shown in Examples is an LR6 alkaline dry cell using a granular crosslinking
type branched polyacrylic acid granulated during deposition-polymerization. In addition, shock resistance
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g of acrylic. acid, 1 g of polyvalent allyl sucrose wher, 0.5 g of allyl
acrylate, 0.5 g of benzoyl peroxide and 900 g of benzene, and the
tenperature inside the flask was ERIG4AWA98 B0 [err] to start pol ynerisation.
VWiile 5 the reaction peak was mnai ntai ned at [err], the polymarlzatlon was
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mai nt ai neat poiynieBzaion. Whils thetegction peak wasmaintaisedab 85 °iGh the goljroerization wes @niinged fer t 0
gi ve a pdoytrchoursThgivesd balamar. Thasolwapwasseradtddriom thdeolymst, pndthe pelyrder aedied] ymer
was drg ethe peismameas granyisted intppartigleschavingar diameterioh209-e B0g+e micrens) in ghepragensaet er
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shown i Nypichbsormality[REUrBd oG thah ey esul t's. "I n Ta o stands for a
region of particle dianeters of the acids in which no abnormallty occurred

(the short circuit current of a cei.%b ped five tines was not |ess than
70% of that of the cell measured before It 25 was dropped). A stands for a
regi om i n which abnormality might occur (70-50%. X stands for a region in
whi ch abn¢¥xJmalrTty occ r of

Tmr—mmwm
e [N e ‘@%@%mmw bt T Teoe

900 Drpsgp 0 esi st Qess more 0
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shows thaf the pol yagryl @:r}i 0 0209 0%10 ??? c| ‘g{’ a%@?ilf aﬂot | ess

than 200 um_(microns) Npefore svvel | ing re suitabl e for ce Is V\hen t he

pol yacryllcbr%ds havi hg a particle dijanmeter of hot |ess than 900 jum

( gons) hefrs&- el | {ng werle used as| gel ling ents, thel gellind agents
had too | arg@rdicued-ers after sweh | ngl, the®conti ned®®anount ®f filled zinc
powder s sdtdwry ed, and di scharge characteristifcs of the fesultant cells
wer e degr . 3 i st ow t est
results based on particle dianmeters neasured before the granul ar

crossks nki mapie ¥ Erowd e pélyaaRlic/aes Whving saide diieRr 51t les than\e i (¥ dAs\ET €
used gel Beforegsvietiing vereistitable i ferhcelRO Whbie e polkpaciyli® @8idsonaving e Plaricie bialnbxer &f npBledsi Cl es
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char act esharattéristics ahitie thsulietteliyoveprdepradedi es. 55 However, when the anount
of the& par Thecihove Hiapiresistanced charpctersticso$hom (Jest tresulOigaseshor( particleo dighetete ameesudd t o
| ess t haheios0We (granylan grptstinking dypgiduanehedr rofyagndis asidawere eweliana ¥ihen ithetei were weade
deteri or@l"ﬁ‘ﬂa@h‘af Which nphlassdhan 8% byrweiotiof thah petticias adip aertidle diamgter 9k 208 de 86Ppe
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ess than 50% by weight, the above drop resistance characteristics were deteriorated sharply.
Therefore, the suitable granular crosslinking type branched polyacrylic acids as a gelling agent for cells
using a zinc powder having a mercury content in the amalgamated zinc of not more than 1% by weight are
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9° EP0414990B1 those in which not |ess than 50% by weight of their
particles have a particle dianmeter of 200 to 900 um (m crons) before
swollen. Sinmlarly, LR6 al kali nEP®AIRS80Bie prepared, of which the gelled
negati.ve el ectrodes vvere f or med by usi ng 4% by wei ght, based on an al kal i ne
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char actaalgainateds zinc of Géte|by vesighibihd, ttheirvdidpcresigiarice dharabmbisties dndséhel\stakilite wedce Or

absencedesdd. abnornmal ity (instability) of a discharge curve which appeared
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vol t agewhendegell was dreppedftom e beighs ofrd M fiveetimdscand Tigengis voltade .unden 1 Tohiy| leadqwaso

i ndi ¢atmepsyied fF A0 speondse Inbfabihhot indicates no pecuirgnce gt plnatmality.pd dndicgte® pessibler r ence

of abndicpusienge\f abaprmality.iandiX indicates esewigngechamogRlitsbnor mal i ty. Table 4 Guar gum

G anul ar 25 crosslinking 0 0.2 0.4 0.6

0.8 1.0 1.2 type branchedTapPo]IFyacryl ic acid (W%
0

.. 30 X 0.5
[éf"’rfol 0— X T 10 fferTi o o]
1.5 Guar gum o [efr] 40
2.5 X{wt%) [lerr] 0 0 0 [err]]| 3.0
[err] Gr8nular 035 o - o] [lerr] [err]
45 450 | crosslinking [eor] 602 0.4 ]0.6 0.8 |5.0 [5132! As
i s shown| tppdabkandhedn the Jregi ong indijcati 1.0 to 4] 5% weight of the
granul ar| poapabegdlpol yacry\ijc acidland o2 td 1. 00 by Waight of tle guar
gum basedaohdaliwaki ne el ect , rop riesi st Char gct erifstics of
t he cell o Yerdfs 00 .50 Zer hand,
in ragi ons where tfe anount 8 qegEt ed by
dots A, fgzimnc pomuer Coul o Hstg hnegel | ed
el ectrolyte, and tfe>zinc P -
1.0 :
35
1.5
2.0
vw 2.5
3.0
3.5
45
4.0
4.5
50 5.0
5.5

55 As is shown in Table 4, in the regions indicating 1.0 to 4.5% by weight of the granular branched
polyacrylic acid and 0.2 to 1.0% by weight of the guar gum based on alkaline electrolyte, the drop
resistance characteristics of the cells were generally stable.
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be deposited-and separated. Thus, it was difficult to inject the gelled
negative.el ectrode when cells were prepared, and further, the cell
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