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Dispersions of Cupric Hydroxide.

We, KeENNECOTT COPPER CORPORATION, 3
corporation organized under the laws of the
State of New York, one of the United States
of America, of 161 East 42nd Street, City
and State of New York, United States of
America, do hereby declare the invention,
for which we pray that a patent may be
granted to us, and the method by which it
is to be performed, to be particularly de-
scribed in and by the following state-
ment : —

This invention relates to dispersions of
cupric hydroxide. More particularly, the in-

vention relates to aqueous dispersions of -

finely divided, phosphate-process cupric hy-
droxide.
biocidal purposes, particularly for fungicidal
applications. :

Although cupric hydroxide has been re-

ferred to frequently in the literature, it is -

not a simple, well-defined chemical. When
a base, such as sodium hydroxide, is added
to a solution of a water-soluble copper salf,
for example, copper sulfate, a blue, gela-
tinous precipitate is formed that gradually
turns black in color. This precipitate is not
a stable or simple material, and apparently
consists of a mixture of the hydroxide,
cupric oxide hydrate, and cupric oxide.

The nature of such a precipitate changes
with time, temperature and drying.. Such
changes pr , for example, in the fungi-
cidal mixture known as Bordeaux Mixture,
that is prepared by mixing together copper
sulfate and lime. This mixture is freshly
made before application, in order to be

_ effective, because of the chemical changes

that occur in it over a period of time.
Attempts to avoid such undesirable

changes in composition, as occur in Bor-

deaux Mixture, led to the development of

_ the so-called fixed coppers, for example,

tribasic copper sulfate, copper oxychloride
[Price4s. 6d.] '

Such dispersions are useful for-

and copper-zinc chromate, and that can be
stored, mixed with water or dusted when
needed for use.

United States Reissue Patent No. 24,324,
granted May 28, 1957, discloses a process
for making a stable cupric hydroxide. This
process comprises reacting substantially
equal molar amounts of copper sulfate and
trisodium phosphate, to obtain a copper-
containing precipitate. Sodium hydroxide is
then added in an amount sufficient to con-
vert a major portion of the precipitate to
cupric hydroxide. The addition of sodium
hydroxide regenerates trisodium phosphate.
'él‘l;le reaction may be characterized as
ollows:

- Eq. 1.
CuSO; + N3.3PO4_>CuNa.P04 + NazSO4

Eq. 2. '
2NaOH+CuNaPO,->Na,PO,+Cu (OH),

The process is continued by alternately
adding copper suifate and sodium hydroxide.
As many as 15 or 20 of these additions
may be made in producing a batch of cupric
hydroxide by this process. A dry, solid
product is obtained by separating the solids
from the mother liquor, washing, drying, and
grinding, :

It has now been found that the many
variables in this multistep process may be
adjusted over wide ranges to produce
phosphate-process cupric hydroxide pro-
ducts of differing characteristics. Tll:ese
variables include not only factors such as
temperature, concentrations, ratios and pH,
but also other factors such as the presence
of other reactants. For example, in some
cases it may be desirable to produce a cupric
hydroxide product that contains a minor but

appreciable amount of phosphate. In such

25 COMPLETE%@E@IFICA%.Qm salt of condensed

45

50

55

65

70

75

80



napht hal ene sul fonic acid 26 33.3 sane
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In contrast with previously avaxlable co;:ip
hydrate products, it is stable in
powdered form, and can be stored over ex-
tended periods of time without change in
color or loss in its useful properties.
Prior art copper hydrate products have
not only tended to be unstable in chemical
characteristics, - chemical composition and
color, but they also have typically been
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Following the procedure that is des¢ribed
in US. Reissue No. 24,324, a phosphate-
process cupric hydromde dproduct was pre-
pared and dried to a powder. The approxi-
mate chemical analysis specifications of this
product can be stated as follows:

Copper Conteént (expressed as metalhc _

copper) .
Phosphorus Content (as P305)
Sulfate Content (as SO, .
Free Water Content

% By Weight

53.0—64.00
2.0—7.0 or higher; preferably 34
(1) 5-;—3 .0

Products made in accordance with these
specifications are stable for indefinite periods
of time when stored at temperatures that do

‘not exceed 120°F. The powder is light

blue in color, and has an acicular alternate
crystal form. The dry powder has a true
specific gravity of approximately 4.0, and a
bulk density of from 5 to 15 lbs. per cubic
foot. The individual particles are in the
colloidal size range, that is, within the size
range from 0.001 micron up to 1 micron, If
permitted to stand in saturated air at 15°C,,
the moisture content of the dried powder
will rise gradually until an equilibrium is
attained at 8.9% or higher.

~ Considerable practical difficulties have
been encountered in the past in preparing
and in utilizing aqueous suspension of cupric
hydroxide. Depending upon the material
being used, and wupon other pertinent
factons mcludmg the hardness of the water,

the pH of the water, the presence or absence
of a protective material such as soap or
starch, and the amount of solid material
attempted to be kept in suspension, there
often occurred unpredictable, uncontrollable,
and undesirable demonstrations of in-
stability, for example, settling out of the
solid particles, formation of a hard gel,
formation of agglomerates, or, in some in-
stances, the formation of hard cakes.
demonstrations of instability have hampered
lcgnn(llmercml exploitation of products of these
8

It has now been found that substantially
uniform aqueous dispersions of finely di-
vided cupric isgdromde, of commercially
acceptable stabi ty, can be made by dis-
persing previously prepared cupric hy-
droxide in an aqueous vehicle under care-
fully regulated pH conditions, where the pH
of the dispersion is in the range of from 7.0
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\ _ _ 1, 167,875 Di spersion
I n accordance wth the persions that are nade in accordance aﬁth 5 mRde

present invention have been denpostrated .this. inuention—to pronote

r&rention of the to be effective i [

y _ _ in the control of many other cupric
hyd(gé!de particles on the plant troubl esone agri cul tural conditPons
in addi- sites where applied. The foll'owing exanple 5 tion to those ,

i dentified above, such as, for is.illustrative. 19
exanpl e, crowt rot of the banana, celé¢8®- pora leaf spot of celery and

sugar bexts, . and N Y - ol . _

Do 9, ferabls L rMess of BBRE, bidifrily! w@htcontain phosphat
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e o by o N %@é@‘s&z“%“fﬁéﬁmam o
20 q SUPagica?l};? grmg pll}ggﬁite-pm%lgj " tlf jgﬁﬁ;'riﬁ @ cesdiC IHoY Ifiingicidals f ol | ows:

%’ Ph h g droxide in an aqueous vehicle. In some applicatBﬁBl.aEpEbsphate content of about
0 osphagslications dispersing agdns peny e @dded 5% [oy owsight oL jdp.cdry basis, g§ plg Fglér si ng

% Emul si i @l give greater dispersion\oEsamples of vantageo in many cases.

Petrol e table dispersing agents arg-alkali metal  Beyon f the preferred phogent
10.25 UIW ts of [:égneric carboxyli€ ‘acids, alkali ran‘ige of 7.0 to- 9.5, conditions ar¢ un- 1
10 " metal salts“9f lignin-sulfonic acids, alkyl Zatbrable for stability. At low gH values,

sulfates, sulfdted fatty alcohols -and sul-5 chemical changes occur and the gopper goes 50
10 - fonated naphthalenes. If desired, protectiver z to solution. At high pH valuiz chemical

- ids; - added vent agglo- ges also occur and the cuprie hydroxide
Si gni fi cinmeat 1§‘f¥%’l§éﬂgg§§§§f SSEE dNA S1obes 9 Gisyihctiba Biariaristi€ has 3t ¢o- a
Lgnirtic ntﬁ:,, iold, 08 bl effectiveDamioytlt pid| veeth Mo x pele@ﬁfthA a nonioni &
hi bitory efveiii dgbran niag alsot bei added-wiSueh B The 3fp ﬂx%l%ri;f) ific’ examprIes witl' 55
deaux M xt (dispersions are attractive- for af vanetyhot‘ ::h ustra lgfeve 1 %eg eemnlﬁ iénie]flt's o;fj
pplications xhe: content of cupric hy- the invéntion. I ed wax was
pr epar ed RSRIE S &&gﬂf&gw&‘i@%&ﬁx& age of fungEcirbes I emul si on bef
additi on . > P . h L ] 0 erore
Cfe: DAl feoin 0.4 G010%: eabns Stableadispaisiensyiiere HFparstoh Hin
- are fungicidally effective and economically example, utilizing as a dispersing geﬁ G@
attractive with a content of phosphate- highly purified sodium lignin sulfonate,
process cupric hydroxide in the range from anionic in aqueous solution.
25 0.5% to 40%. For shipment in concentrated In this and the following examples, the
form to a point of local use, stable disper- dispersions were prepared by adding all of
sions containing at least 10% to 20%, and the ingredients successively to a predeter-
preferably at least 339 by weight of phos- mined quantity of the aqueous vehicle, and
phate-process cupric hydroxide are desirable agitating. The dispersant was, and always
30 and can be made in accordance with the should be, added to and mixed with the
present invention. L aqueous vehicle before the addition of phos-
The invention accordingly consists in a phate-process  cupric hydroxide. ~ The 70
stable mixture having a pH of from 7.0 to aqueous vehicle was selected to have an
9.5, comprising at least 0.1% by weight of ' initial hardness not greater than the equi-
35 finely divided cupric hydroxide and an valent of 180 ppm CaCO,. The pH of the

O
sley

aqueous vehicle. . dispersion was adjusted, as necessary, to be
Phosphate-process cupric hydroxide, in in the range from 7.5 to 9.5. 75
accordance with the specifications set forth The following dispersions were prepared:
| Tasie 1
%
Protective
80 % Phosphate-Process- Colloid
Cupric Hydroxide, (Water-
Dispersion based on the Viscosity** soluble
No. entire mixture % Dispersing Agent*  of Dispersion Lecithin)
1 10 1 —
- 85 2 33.3 1 10,000 —
e 3 33.3 1 33,000 1
' 4 333 2 26,000 1
* By weight, based on total incfganic solids, dry basis; used in all subsequent
examples also, as to the dispersant.
90 ** Units, centipoises, as measured on a Brookfield viscometer using a T-type

spindle at 2.5 rpm; used throughout except where otherwise specified.

In this and all subsequent examples, all high solids contents. It serves as a pro-
percentages are by weight. tective colloid, and inhibits agglomeration.
Lecithin was added in this and some sub- All of the dispersions described in Table

95 sequent examples, for dispersions having I exhibited excellent stability.



It was prepared to contain approximately wth the present invention, is
that they ex- 51% by wei ght of solids, conprising a mx- hibit the
characteristic of high retention on 35 ture of paraffin wax,

m crocrystal line wax, plants under rainy conditions, even when the 75
and petroleum The enulsion was nilky in dispersion does not, |ncI ude wax,

or ot her appearance and had a weight of ‘8 | bs. per "sti cki ng" agent. T
This may be attri butable gal | on. Hﬁ wgs stable in the presence of to :
the extrenely small particle size of - acids and electrofytes. The ~

percentage of copper hydroxide parti Hxeseellt IS al so affected 40 A
emul sified vvaExceHMtdlsnasonadmed alsg) nede husinf dy\a_ dibpersing aagat Metsctdnmrgs@gem? By '
observi ng 80°f anX“PFé“’éHBWI“HF%é’fb@dﬁé“ apighi Eidp dis cpRmgERl Oftant s after

application of the dispersion, it ﬁr{ﬂilrlf' on, at 51% solids, r at_her tha.r'r-
the has bgen found that an agueous veé e my, - anount of%yvax al one,
upon drying, contract and tend to clunp the ' Each of t [Reotelitisgper si ons.

identified above partfedbewhge- sol i ds i nto concentrated si teﬁ”ll@?, was

eval uated forpgffpative ég%ﬁas apihpiRHs a?gpr tid ‘a vethhE agent

hel ps to Bb N6. de f OHydr econtdsmirymf:\ olidsa fon OVEE@BEE this

t endency. ~H+—a—eoﬁ{+ot+ed—e*peﬁﬁa=ent——1%ev-kd+ﬁg—eoﬁ+——ﬁ+t-heugh— erosi on-
of the cupric h)gdroxi de 100 parative da]‘][sa rel ative St her effective

spray deposit dges occur gﬁgr ng rainfal{s comro|313yo used fumr cides, as
wel | " as agai nst 8reduction3ian di sease caxtrol does not sieteri- 5Q the o
cust omary 5checlﬁ9pl ot in with no fungi -2brate at thel®nme ratel%s night be
i ndi cated 90 0 ci de vvas4 | oyed. A s}r ni ficant reduction in_by the '
reduction in the presence- of copper. the inci deggee of di seased pods was
observed This 2s a conpl 8&&| y unexpect&d advant agd0000 in those cases -
where each, of tRhe,dis of, eparations m in accordapce with the
inthis eébarrpl eu “ﬁpﬁ% ﬁotl)cgéeié [PENCST JdRg, a0 ﬁ’vé’ﬁ? Kol eﬁtn has been
observed in 55 persrons that i ncl uded the wax exhibited a many _ .
applications ——'Hﬁrs—pheﬁmﬂeﬁmw—rrbe—%-——-grea-t-m—sh-ch—ng—pmw or

residuary a Ilevedto eatrl tabI to tFh fact t hat tr&F
t he disper_s% /AL e N %ﬂ BT 4,
anp e resr ual ,

phosphat e- prm@ssu grams y ﬂiEiS&teﬁ ULt er ex cuprr C
hydr oxi deZSargamcpgfrml@litsagdr Vi dEdrﬁt?E’é%t?Xﬁg dfu ;?%lt MU@eHIs cu r| c
hydr oxi de aggigfe&%g 3 S f| ey I | cation
as a spray ¢ o e, ool | il B e il
fungus 100 per sions nentioned above | n th| s Exanpl e, spores bef ore t hey
can i nduc® infection. or other, nBseEdbncentrated di spersions, at a
concentration in the range from about 1.6 p . EXAMPLE VI to about
3.3 micrograns (dry basis) p P Hﬁefoll B&W@%&edure was enpl oyed in 65
squar e centi net r pispérsibeal Sup d ecti mgl;yorgmcal uat i ngisadkiyper si ons of
phosphat e- pr ocess No. Hydrox1 solids of Dispersion .
40 13 10 1 —_—
' 14 333 1 45,000 :
15 333 1.5 27,000 -
16 3_3.3 20 7,600 o

The above dispersions were acceptably ' ' : oL
45 stable when stored at ordinary room tem- ExampIE IV 50
~ peratures over long periods of time, These Additional formulations of aqueous dis- o
dispersions demonstrate the effect. of the persions, that *demonstrate the use of a -
dispersing agent in reducing viscosity. variety of dispersants, are as follows:




inhibits the germnation of Cercospora cupric hydroxide, in the control

of early 105 Musae, the cause of Sigatoka di sease of blight on

t ONBLOES 1,167,875 __ __
7 Phosphat e- process cupric hydroxi de pow plantings of Bonny Best
tomat o, pl ants by der was blended with a 0.5% aqueous solu- spraying. The
sprafwas al | owed to dry on 15 . -+ tion of a nonionic detergent. This

bl end was the | eaves for about one hour after applica- then dil uted

with water to f&rmthree differ- tion!®8% uations were then made of Feten-
5 ent sol!ﬂ‘tﬂ__ons contai ni ng the phosphaggrdf- tion of the active

i ngredi ent~during rain cess cupric hydroxi de egefi valent to 0.7,

2.1, conditions, and &%I ofReA i dal ef f ectiveness. Dlspersmand 6.3 | bs. of
the cupricshygox #‘&e Percunnd Ne phosphat e- process C%ngnh roxi de 20

hundr ed gal | ons di smga kiaa, u&a@@(;)trm ¥ing @i @b € viguagiyderabl y
nore effectiv

in
control ling earl ¥ blight3than ngn °“°1 4 de dp at tH808%¥ne tine,
in substantially copper sul f af% own by .the t he
sane way, land atig he sanm:concentra- d&ha that |s sunsar i zed 4on0dohe

fol | owi ng 1%ions, B%HY coW@Watdﬂv@h urfiggsle 1t abl 10,000
25 . These di spersions 1 E {%ﬂt% Tr eat nent
Dose - - Control After Ralni aAm n@g%@@ . Applied
Lbs. 100 Gal. 200" . 3§.33rr] " 1" same 2" 4" 2 - 520,000
% "% % % 2 33.3 Phﬁ@lﬁﬁﬁ 0§ erizedalkyl) [ edr] 0. 78,000 75
7 74 75 59 3y suwone acd, syl Ba-oton 2.1
86 85 85 79 29 Darvan 1
6.3 20 91 %% 86 ggg 87Dle 86 dsean;? %8 al frac %Tri basi %g,%sq err]
: tha?éaml rac- d
0.7 43 50 20 tion of coconut fattya:%lds, sold

by Scher Brothers under the
trademark Schercomide SPO

25 24 333 same 2 .37,000
25 333  Sodium salt of condensed mono- 1 30,000 -
naphthalene sulfonic acid
26 333 same 2 - 32000 -
* T-type spindle on a Brookfield viscometer at 2.5 rpm.
30 Al of the above dispersions were charac- FUNGICIDAL APPLICATIONS

terized by satisfactory stability. _

Wetting agents are useful addmves for the Comparative growth studies have shown
dispersions, to facilitate that dispersions made in accordance with 40
must be exercised, however, m selectlon the present invention are effective mycotic

35 of the wetting agent and in the amount agents against organisms that are of
used, to avoid foaming and increased vis- economic nnporta.nce in agriculture, as

cosity. follows:
45 Organism Significance
Cercospora Musae ... ... ... ... ... Organism Causing Leaf Spot on Bananas
(Sigatoka)
Monilia Roeri ... ... ... «v oer oue Organism Causing Pod Rot of Cocoa
. Alternaria Solani ... ... ... ... ... Organism Causing Early Blight on Tomatoes
50 Chaetomium Globosum ... ... ... Standard F. F. H. A. Mildew Resistance
Corynebact. Insidiosum ... ... ... Causative Agent of Alfalfa Wilt
Helminthospor. Turcicum Pass ...  Causative Agent of Corn Leaf Blight
Phytophthora Citrophthora ... ...  Causative Agent of Citrus Brown Rot
Phytophthora Infestans ... ... ...  Causative Agent of Potato Late Blight
55 Streptomyces Scabies ... ... ... ...  Causative Agent of Potato Scab
Diplodia Zeae ... ... "... Corn Ear and Stalk Rot
Colletotrichum Lindemuthianum...  Cause of Anthracnose in Beans
Verticillium Albo-Atrum ... ... ... Causative Agent of Cotton Wilt

Fusarium Oxysporum ... ....... ... Cause of Wilts in Potato, Muskmelon, etc.




di spersion 2.1 52 41 39 69

6.3 45 60 57 45 45 35 O her stable
suspensi ons of phosphate- secondary and very val uabl e purpose of the
process cupric hydroxi de have been pre- dispersant is to reduce the
viscosity of the pared by grinding together, in the dry state,
suspension. This is particularly inportant "~ the phosphate process“
cupric derOX|de and wth respect Fg éﬁycentrated suspensi ons, a
material’_such as carboxymet hyl cel | ut"0¥&” cont ai ni n *70%” i ght of
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However, taam@hdmewenanmhﬁwammma¢mﬁmuett|ng agent S a valuable addition to

not qui te m%ffs of celory\and gngarbrgtsi adt i o ﬁ 4 wer i ng
surface te ‘ﬁb‘ztes, A2 o ﬁqﬁa@aﬁea Eéi{sp @S"% O RxaL, the and
for obt a0 NidAGbedadéd to RhdTagihbdiik Fkei@ididhIOdis- Ofevaluation for eiafaal& 105 !:‘dllBﬁs .t hat have

previously been particles on a surface to which the suspen-
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describ TaBLE V. sjon is applied. Fr equent ly, a
single mat eri al V‘Q;ti,-mphgg_ents are often included in fungi- may
serve as both aylgpeﬁ{a@r si ng w@tc@ﬁd a di gp@anadi@as to obtain
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an initial good Neet ti ng ageHydroxide Agent Petroleu@SWax 50
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are usegsto 2 on the pl ant2:9surfaces to ¢hich they arg pronote good
adhesion of the smid part 57 applied, that is, to prmote desirable
deposi- tides to3@he surface 5/ V\:hl ch the sllspen5| on tion and :
adhesi on. ' is applied. Such additives preferably are
used In the form of
enul si ons. Tibe dgpersiptagent alsedbas isooctyl bananas. This is a signifidaidlyRRdgher in-
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amount of wax alone.

Each of the dispersions identified above
was evaluated for effectiveness as a fungi-
cide for the control of Monilia on Cacao,
in a controlled experiment providing com-

parative data relative to other effective, ..

commonly used funglmdes, as well as against
the customary check plot in which no fungi-
cide was employed. A significant reduction in
the incidence of diseased pods was observed
in those cases where each of the dispersions
in this example was employed. Those dis-
persions that iacluded the wax exhibited a

greater sticking power or residuary action-

than the dispersion that did not contain wax.

By way of further example,
phosphate-process cupric hydroxide, after
application as a spray of one of the dis-
persions mentioned above in this Example,
or other, more concentrated dispersions, at

a concentration in the range from about 1.6

to about 3.3 micrograms (dry basis) per
square centimetre of leaf surface, effectively
inhibits the germination of Cercospora
Musae, the cause of Sigatoka disease of

residual,

upon drying, contract and tend to clump the

particles of solids into conecentrated sites.
The addition of a wetting agent helps to
overcome this tendency.

Although erosion of the cu dp1'1c hydroxide
spray deposit does occur during rainfall,
reduction in disease control does not deteri-
orate at the same rate as might be indicated
by the reduction in the presence of copper.
This is a completely unexpected advantage
of preparations made in accordance with the
present invention, and has been observed in
many applications. This phenomenoh is be-
lieved to be attributable to the fact that the
residual particles of the phosphate-process
cupric hydroxide are so finely divided that
they are extremely difficult to remove, and
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are also highly effective in destroying fungus 100 _

spores before they can induce mfectlon

ExaMpPLE VI
The following procedure was employed in
evaluating dispersions of phosphate-process

cupric hydroxide, in the control of early 105

blight on tomatoes.
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process cupric hydroxide have been pre-
pared by grinding together, in the dry state,
the phosphate-process cupric hydroxide and
a material such as carboxymethylcellulose
or hydroxyethylcellulose. These form excel-
lent suspensions when the dispersing agent
is at a concentration of about 1% to 2%
by weight. However, these dispersions are
not quite as satisfactory for application
through fine spray nozzles as some of the
other suspensions that have previously been
described. .
Wetting agents are often included in fungi-
cidal dispersions to obtain an initial good
30 distribution of the cupric hydroxide particles
on the plant surfaces to which they are
applied, that is, to promote desirable deposi-
tion and adhesion.

45

GENERAL

In preparing suspensions, for example,
fungicidal concentrates or formulations, in
accordance with the present invention, al-
though the pH of the suspension may have
any value within the range from 7.0 to 9.5
for acceptable stability, it is preferably in
the range from 8 to 9. The hardness of the
aqueous vehicle should be not greater than
the equivalent of 180 ppm CaCO, for best
results.

To improve the stability of a suspension,
a dispersant should be employed. Preferably,
an anionic dispersant with low foaming ten-
dencies should be used. The primary pur-
pose of a dispersant is to reduce or to
eliminate agglomeration of the particles. A
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dispersant is to reduce the viscosity of the
suspension. This is particularly important
with respect to concentrated suspensions,
containing up to 70% by weight of phos- 75
phate-process cupric hydroxide, prepared for
shipment to a point of use, for dilution there
to use strength.

A wetting agent is a valuable addition to
a suspension, for lowering surface tension,
and for obtaining a uniform distribution of
particles on a surface to which the suspen-
sion is applied. Frequently, a single material
may serve as both a dispersing agent and a
wetting agent.

Wax or wax-like additives are used to
promote good adhesion of the solid par-
ticles to the surface to which the suspension
is applied. Such additives preferably are used
in the form of emulsions. The wax material
may be an animal, vegetable or mineral
wax, or a synthetic wax, such as, for ex-
ample, a polyethylene wax. When a wax
additive is employed, the use of a protective
colloid usuvally produces no additional ad-
vantage. Acrylic emulsion additives are also
useful and for present purposes can be con-
sidered to be wax-like additives. Other ma-
terials, such as, for example, synthetic
latices, caseins, natural latices, and more 100
complex polymeric materials, for example,
modified alkyd resins, can also be employed
for the same purpose as wax emulsions.

The amount of wax employed may be
very small. Amounts in the range from 10% 105
to 50% of wax, based upon the weight of
phosphate-process cupric hydroxide in the
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7. A stable dispersion in accordance with REDDIE & GROSE,
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dispersing agent is an alkali metal salt of a 6 Bream’s Buildings, -

30 polymeric carboxylic acid, an alkali metal : London, E.C4.
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