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800 N. Lindbergh Bouievard
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Martin Greif, Executive Secretary -
TSCA Interagency Testing Committee

Environmental Protection Agency (TS-792)

401 M Street SW

Washington, D.C. 20460

Dear Sir:
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Federal Register/Vol. 48 No. 218/ p 51519 requested information on a seriegp
of chemicals as part of ITC program. Monsanto manufactures one of the *

chemicals, CAS No. 6419-19-3p(Dequest® 2000) and herein submits the followfﬁ%
information in response to this request:

1. Technical Bulletin No. IC/WT-101
2, Material Safety Data Sheet "Dequest® 2000 Deflocculant
and Sequestrant".

Monsanto is updating this MSDS. We expect to have the revised
version available by about the end of the first quarter of 1984.
If you would like a copy of the revised MSDS please let me know.

Monsanto's annual production rate (1982) was between 1,000,006~
10,000,000 1bs./yr. This rate has remained relatively consistent

for the last several years but should increase modestly in the
near term.

4. Environmental Data Sheet Dequest® 2000.

If I can be of any other assistance, please let me know.

Very truly yours,

. ',7&'/%
e -
Gilbert J. Ewa .
Manger, Prgduct Acceptability

GIM:jk
enclosures

cc: J. R. Condray, Monsanto o
8 unit of Monsanto Company
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Aquatic Toxicity

Acute Toxicity (mg/L)
Fish

Bluegilil, 96 hc LCsq

Rainbow Trout, 96 hr LCsqg
Rainbow Trout, 96 hr LCsg
Rainbow Trout, 14d LCsg
Channel Catfish, 96 hr LCsg
Sheepshead Minnow, 96 hr LCsqg
Killifish, 96 hr LCsq

Invertebrates

Daphnia magna, 48 hr ECsg
Midge larvae, 48 hr LCsg

Grass Shrimp, 96 hr LCsg

Oyster, 96 hr LCsg

Algae

Spirodela, Inhib. conc.
Selenastrum, Inhib. conc.
Anabaena, Inhib. conc.
Chlorella, Inhib. conc.
Nostoc, Inhib. conc.

Chronic Toxicity (mg/L)
Fish

Mosquito Fish, NOEL 60 d

Golden Shiner, NOEL 60 d

Green Sunfish, NOEL 60 d

Guppy, NOEL 5 monthe

Swordtail, NOEL 5 months

Blue Moon Pleety, NOEL 5 months

Rainbow Trout, MATC >23<47

Invertéebrates

Daphnia magna; MATC <25>20
Algae

Selenastram, 96 hr, 336 hr, NOEL , ) zé',zo,z
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‘Protective Bquipment -

Eyes - Goggles y :
Skin - Impervious gloves appropriate for this material should be
used. Protective long-sleeved clothing should bz worn and

laundered before reuse.
Permissible Air Concentrations:

Product: amino tri(methylenephosphonic acid) wt %538
water wt ¢ =50
other phosphonates wt § = 12

TLV/TWA - Not established

FIRE PROTECTION INFORMATION

IGNITION TEMPERATURE CF* FLASH POINT ©

FLAMMABLE LIMITS *
Extinguishing Media - *

*Not applicable, aqueous solution.

Although this material does not meet the parameters for flammability,
it will burn in the presence of a strong ignition source after the

ceamdnwm oo lbhaoaoca caccee.d
WReGLA HAD TG LTSI VEU e

PHYSIOLOGICAL EFFECTS SUMMARY:

50% Water Solution Undiluted

ORAL ID., (Rats) 2900 mg/kg SKIN IRRTTATION jt) Moderately i. .:ating
30 mglightly toxic® (Rabbit) FSHA 4.6

DERMAL 1D, (Rabbits) >6,300 mg/kg ' : e s .
50,, . ’ EYE IRRITATION (Rabbit) Moder:.ely irri- ting
~practically non-toxic” FSHA gg .% =
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RODUCTS - Phosphines may form after all of -

R ~ the water has been removed. CO,

SR  CO,, and oxides of nitrogenmay also ()
oo o be formed, 0 . - T
LYMERIZATION - Does not occur.

MATBRIAI_._S_tTO AVOID - Avoid contact with concentrated caustic, will
SO e _ _result in the evolution of heat. :

HKS'I'B DISPOSAI. " Dispose of by flushing into the sewer with large
... . ... omounts of water. ,

" SPILL OR LEAKAGE PROCEDURES Flush with water or neutralize with

Lol o ‘ lime or :nda ash and flush to sewer.

'ADDITIONAL COMMENTS

‘- Refer to Monsanto Technical Bulletin IC/SCS-320 for additional
~ information on toxicity and environmental acceptability.

DATE January 1982 REVISED E SUPERCEDES December 1977

FOR ADDITIONAL NON-EMERGENCY INFORMATION, CONTACT: . &. Klaus, Coordinator
) I Product Acceptability and
‘Bnvironmental Affairs
Specialty Chemicals Division
Monsanto Industrial Chemicals Co. -
(314) 694-4437
(A Unit of Nonsaate Co.)
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Nothing contained herein is to be construed as a
recommendation to use or seil any product in con-
flict with any patent. MONSANTO MAKES NO
REPRESENTATION.OR WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, AS TO MERCHANTABILITY,
FITNESS FOR PARTICULAR PURPOSF, OR OTHER-
WISE WITH RESPECT TO THE PRODUCTS RE-
FERRED TO, whether used alone or in combination
with any other material. Monsanto makes no
guarantee of satisfactory results from vehance
upon infor or

tions ined herein and disclaims all liability for
any resulting ioss or damage.




- Introduction
‘DEQUEST® 2000 and 2006 phosphonates have

= -led a revolution in the area of water treatment.
~inthe past, chromate and acid formulations

were used aimost exclusively for control of
scale and comrosion in cooling sysiems. With
_the advent of environmental regulations on
chromate discharges, however, a new
- generation of alkaline treatments has been
developed. Many of these formulations are built
-..around DEQUEST 2000 -and 2006
phosphonates because of their proven
cost/performance effectiveness.
Other revolutionary developments are on the
horizon. The wide range of phosphonate
functionalities offer unique opportunities to

develop novel products for many other
application areas such as boilers, textiles,
bottlewashing, oil fields, wet processing and a
host of other industrial operations.

DEQUEST 2000 and 2006 phosphonates
should be evaluated in any application requiring
a hydrolytically stable, water-soluble product for:
o Thrachald enala inhihitinn

i )

o Chelation of calcium, magnesium and many
other metal ions

o Deflocculation/dispersion of solids

o Crystal growth modification

o Sludge modification

o Corrosion inhibition

Already, this unique combination of properties

has made these phosphonates key components

for a variety of water treating applications. For

many needs in water treating and aqueous

processing, significant cost savings are possible

using a DEQUEST phosphonate to replace part

or all of another product to give:

° Mulﬁfunlcﬁonal performance from a single raw
materia
o Superior cost/performance in scale inhibition
o Replacement of sequestration levels of other
i phosphonate
o Synergistic performance from formulated
mixtures.

*Trademark of Moneanio Compeny




Specific Applications

The advantages of DEQUEST 2000 and 2006
phosphonates are summarized. Sections
following the summary contain technical details.

Cooling Systems—DEQUEST 2000

--.3 2006 phosphonates

* Inhibit typical scales.

® inhibit corrosion in formulations.

® Resist degradation in water.

¢ Minimize or eliminate acid feed.

o Offer acid or sait solutions.

* Are compatible with other treatment
chemicals.

® Have field analytical methods.

e Offer better environmental acceptability than
chromate.

Boilers

® Resist degrading to orthophosphate.

® Chelate calcium, magnesium, iron and
copper.

® Modify crystal growth.

® Are compatible with other treatment
chemicals.




Prevent scale formation. '

e Prevent spotting and fiming.
 Decrease costly downtime for descaling.

o
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4 conuauous injection trastments, DECUEST
2009 and 2005 phosphonates:

® Inhibit typical scales.

* Assist in corrosion inhidiiion.

® 3esis: degradation in water.

9 Are ccmpatible with other ireatment
~hemicals.

® Control iron fouling.

® Ofter acid or salt solutions.

® Are stabie to acid or base.

® Disperse existiig solids.

® Are sriuble in raost brines.

¢ Are irsoluble in crude oil.

i squeaze treaimen:s, DFQUEST 2000 and
2006 aiso:

e Offer selective adsorpticn or preciz: sion.
® Fave field analyiica. metnods.

Additnconal Applications

Based on the properties of DEQUEST 2000
and 2006 phosphonates, they should be
evaluated ‘or use in other industrial ojerations
such as:

Aluminum Etching

Dairy Cleaners
Defloccutation of Siumies

Electrochemical Machining
Electroplating

Industriai Cieaners

lon Exchange Resin
Regeneration/Cleaning

Meta! Finishing
Metal lon Control

Peroxide Statilization

Pigment Dispersion
Gceale Removal

Thilet Bowl Clear.ers
Trac2 Meta! Car.ier in Zentilizer

Mon=arnto s. pplics several other DECUEST
phosnhanates for use in specialized
formuiciio s Thase products are awsiiable in
VaHOUs forms——4s acics or as salts-—as
30itions or as dry <jlids—for the optimization
0 particuia- proparties as well as for
formulating convenience. Since the
ghosphonate =tructuse 1 . ory stable in water,
e DEQUEST phusohonztas will not degrade
under extended timz = - Jevated temperature
storage conditior.s.

Cummer.ially available presvcts are based on
the tollowing phosphoric acids:

DEQUEST 2000~ -
Aminotii (meihylenephosphonic acid)
DEQUEST 2010-~
1-Hydroxy:thyndenz-;, 1-diphosphonic acid
DEQUEST 2041—
Etnhylenediaminetetia
{methylenephosphonic acid)
DEQUEST 2051—
Hexamethylerediaminetetra
(methyleriaphosphunic acid)
DeQUEST 2030 —
Diethylenatriaminepenta
(mathylenephospt.onic acid)




<1%
36.5
15.0

11.08
6.10
3.85

 DEQUEST 2006

(Na salt)




Solubility*

DEQUEST 2000 and 2006 phosphonates are
generally soluble in aqueous acids or bases
and are insoluble in most organic solvents.
Both products are miscible in all proportions
with water, 40% NaOH, 98% H,SO, and
ethylene glycol.

The following table gives solubilities for the
solid acid, ATMP, isolated from DEQUEST
2000. These data may be useful for
determining the solubility of DEQUEST 2000 in
various solvents.

Solubiiity of the Solid Acid isolated from
DEQUEST® 2000 Phosphcnate at 25°C* 1

ATMP Solubility,
Solvent & Percent Concentration | % by weight

HCI 1% 60%
10% 28%
37%

M, PO. 10%
85% 6%

H,SO, 10%
100% 49%

CH,OH 100% 4%

mmmwwmmhmwmnm
guaraniesd for all samples.

$Do0es not constitute an express waranty.
See NOTICE at the front of this bufletin.

Increasing the concentration of HCI or H,PO,
causes decreased solubility of the active acid.
In H,S0,, however, there is no difference in
solubiiity between 10% and 100% acid
solutions.

/

SOLUBILITY IN GRAMS OF SOLIDS/100 GRAMS OF SOLUTION

U) 2 4

MOLES OF NaOH/MOLE OF PHOSPHONATE (ACTIVE BASIS)




 The acidity constants, determined in 1.0 molar

~_KNO, a125°C, are:

R ¢ <2
<2
4.30
5.46
6.66
123

Titration of 0.1 N ATMP

(the isolated active acid from DEQUEST® 2000

Phosphonate) with 1.0 N
NaOH" t

3 :

TN

i

- _h

1 2 3 4 5
MOLES NaOH/MOLE DEQUEST 2000 (ACTIVE BASIS)

“These dets are based upon sampies 1ested in the laboratory and are not
guarantesd for ot semples.

100ws not constitute an express warranty.
&OWGNMGMW.

]

. This superior
ition in aqueous

solutions, even at elevated temperatures and
extremes in pH, is a major advantage of the
DEQUEST phosphonates when compared to
polyphosphates and phosphate esters.
A screening study of the stability of DEQUEST
phosphonates under simulated boiler conditions
showed the excellent stability of these
compounds toward degradation to

- The study (Special Report
8035) used a simulated boiler water containing
the which was heated in an
autoclave at 260° C (600 psig) for periods of
two to seven days. Analyses for
organically-bound phosphorus and for
orthophosphate indicate that DEQUEST 2000
phosphonate has sufficient stabili*- *» merit
flll”ﬂrnunlllnﬁm%ahdh-mﬁ,‘miﬁ

udge-modification

formulations. (See page 19, Boiler Water
Treatment, for details.) The phosphonates’
Sequestration, crystal growth modification and
scale inhibition properties may provide a
beneficial synergism in boiler water treating
compounds or other high temperature




of DEQUEST® 2000 and 2006 Phosphonates

“Threshold Effect”
Scale Inhibition

Inorganic polyphosphates have been used for
scale inhibition since the 1930’s when it was
discovered that 1-10 ppm of sodium
hexametaphosphate would retard or inhibit
precipitation of CaCO, from supersaturated
solutions. This “threshold effect” is the
prevention of precipitation from supersaturated
solutions of scalants by ppm levels of inhibitor.
However, one of the problems encountered with
the polyphosphates is their instability which
often leads to orthophosphate scale resulting
from decomposition.

in the 1960’s it was discovered that DEQUEST
2000 phosphonate also exhibited a threshold
effect. The DEQUEST phosphonates show a
decided advantage over the polyphosphates for
threshold scale inhibition since they are
hydrolytically stable and function over a wide
pH range. A demonstration of the threshold
effect is given in the following:

if separate solutions of calcium chloride and
sodium sulfate are mixed in the presence of
two ppm DEQUEST 2090 (active acid),
precipitation of 6500 ppm CaSQ, is completely
inhibited for more than seven davs The normal
solubility of CaSO, at this temperature is about
2100 ppm. Consequently, the amount of CaSO,
held in solution in excess of its normal

solubility is 4400 ppm. This excess corresponds
to a molar ratio of Ca** to DEQUEST 2000 of
the order of 10,000: 1—whereas the normal
molar ratio expected for Ca** sequestration
would be about 2:1. Obviously a mechanism
other than sequestration is operative.

The threshold inhibition effectiveness of
DEQUEST phosphonates varies with the
products themselves and with the scalant
compounds. The phosphonates are very
effective in a wide variety of precipitating
systems which include calcium carbonate,
calcium sulfate, calcium phosphate, strontium
sulfate, barium sulfate, ferric hydroxide,
aluminum hydroxide, copper hydroxide, cobait
hydroxide and others.

Calcium Carbonate Inhibition

Monsanto tests have shown that DEQUEST
2000 is one of the best CaCO, scale inhibitors
of all the phosphonates and is far superior to
polyphosphate: . phosphate esters and
polyacrylates.

Typical sequestering agents such as EDTA,
NTA and gluconic acid are effective in holding
stoichiometric amounts of calcium saits in
solution. However, they are totally ineffective at
the usual threshold levels where DEQUEST
2000 phosphonate gives its best performance.
Therefore, threshold ievels of phosphonate
should be evaluated as replacements for
stoichiometric amounts of chelants for control
of precipitation. Significant cost savings are
possible with such low concentrations cf
DEQUEST phosphonate.

In judging threshold inhibitors, many factors
have to be considered in the use system: pH,
temperature, contaminating ions, inhibitor
stability, scalant concentration and the amount
of inhibition desired. The inhibitor must aiso be
evaluated on a “cost/performance” basis—
rather than on a simple “cost per pound” or
“amount required” basis. This type of
comparison is discussed in detail on page 12.

The following graphs show the inhibiting effect
of DEQUEST 2000 on several scalants at
various temperatures and pH levels.
Furthermore, the efficacy over extended time
periods is shown by the sever-day scale
inhibition results. Several competitive threshold
inhibitors are included to show that DEQUEST
2000 phosphonate gives markedly greater scale
inhibition at lower dosage levels. These
competitors are the best among the large
number of commercially-available products
tested.




(Active Solids Basis)

The following graphical presentation® of CaCO,
mwibmonatobvatod temoeratiures

the superior performance, and
aiso cost/performance, ofDEQUEST2000
phosphmateovefzou and 2051.

Inhibilion of Precipitation of 95 ppm Caicium Carbonate?
150°F, 24 Hours

100

o 2%

'/

/

0 o1 02 03 04 OS5 &
INHIBITOR CONC. ppn Active Acid

mmuuwmwnummnm
guaraniesd for o samples.
10088 Nt cOnetiute an xpress warranty.

See NOTICE at the front of this bulletin.

. 1600 ppm CaCO,, pH 8.5, 25°C
100 -

2000

77

NTA, EQTA

2 )
PPM INHIBITOR
(Active Solids Basis)

Theseeondgraph’showsmatmcreasmgthe
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of DEQUEST 2000 required to control a fixed
amount of CaCO,. Likewise, an increase in
scalant concentration will require more
phosphonate to r:aintain complete inhibition.

EMo!Tmat»nonMNﬂond“pmeﬂdmn
Carbonate Precipitation after 24 Hour with 3 ppm
DEQUEST® 200 Phosphonate®

100




Calcium Sulfate Inhibition

Calcium sulfate is another troublesome scalant
encountered in desalination and other water
treating applications. While DEQUEST 2000 is
effective as an inhibitor for this scalant,
particularly at lower CaSO, concentrations, the
most effective threshold inhibition is obtained
with DEQUEST 2051 phosphonate. As with
CaCO,, typical sequestering agents --ich as
NTA, EDTA and gluconic acid do not inhibit
precipitation at threshold levels.

Average Ten-Day Percent Scale Inhibition* t
10,000 ppm CaSO,, pH 7. 25°C

100

(~

% INKIDITION

pd

N4, EDTA,
Gl ate
2 4
PPM INHIBITOR
(Active Solids Basis)

tested in the Iab y and are nat,

“These deta are based upon
gouranieed for all samples.
1Does not tute an exp y.
See NOTICE at the front of this bulletin.

Calcium Phosphate Inhibition

The problem of calcium orthophosphate
precipitation in industrial cooling water systems
is becoming increasingly important. Higher
orthophosphate levels are occurring in cooling
waters due to higher cycles of concentration,
use of lower quality make-up water and use of
polyphosphate corrosion inhibitors which can be
degraded to orthophosphate in the system.
The most commonly identified calcium
orthophosphate deposit in cooling water
systems is hydroxyapatite, Ca,,(PO,)s(OH),.
However, it is not hydroxyapatite which is
initially formed, but instead a arecursor which is
widely identified as amorphous calcium
phosphate.

Studies* have shown DEQUEST 2000 and
2010 to be the two most effective inhibitors
among the DEQUEST phosphonates. The
graph (Fig. 3) shows the percent inhibition by
DEQUEST 2000 at various pH levels in
concentrations from 2-10 ppm at 65.5°C in the
presence of 50 ppm calcium and 120 ppm of

orthophosphate.

Figure 3

Percant Inhihitian of Calcium Orthaphosnhats
Scale by DEQUEST* 2000 Phosphonate at Various
pH Levels and Concentrations* t

10 DEQPEST 2000
(Adid Basis)

3

3

10 ppm

% INHIBITION
-
S

8
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- Report 8298) indicate the 2010, 2041 and 2060
families may be the most effective products on a

~ Metal Hydroxide Inhibition

" The ability of DEQUEST 2000 phosphonate to
inhibit precipitation is not limited to akaline
earth systems. Hydroxides of iron, cobalt,

- - copper, and aluminum and others can also be
: Wwﬂhummwnammof

- Thrations of diluted solutions of DEQUEST

2000 with metal ions at pH 9 show that molar
ratios of metal to phosphonate between 5 and

rzotommheldinsohﬁon.Metalionstested

were aluminum (li), cobalt (1i), iron (1I), nickel
(1), manganese (1) and copper m.

DEQUESTZOOOisaIsoaneﬁeeﬁveproductfor
control of iron fouling. The following table
demonstrates this abifity to maintain iron (ny in
solution at neutral or akaline pH with
phosphonate levels well below the one to one
molar ratio required by typical chelants.
DEQUEST 2010 phosphonate, also known as a
very eftective iron control agent, is included for
comparison. In the tests at pH 7, 2000 gave
better results than 2010.

muman(ou.)wmnwc':

Inhibition at pH = 7

Additive
Concentration

DEQUEST®
Phosphonete
AddRive
2000

50
25
10

5

mmnmmmma‘uwmnmmmum

10088 nOt constitute ant express warranty.
See NOTICE at the front of this bufietin.




Scalant Mixture Inhibition

Frequently, less DEQUEST 2000 phosphonate
is needed to inhibit precipitation from a mixture
of scalants than might . . expected from data
on the individual scales. The concentration of
2000 required is not necessarily the sum of the
concentrations used for each scalant.
Therefore, laboratory tests simulating such
mixtures should be run to determine the use
levels for the best cost/performance.

Cost/Performance Evaluation of
Scale Inhibitors

The preceding data show the excellent scale
inhibiting performance of DEQUEST 2000
phosphonate under a variety of conditions on »
weight (ppm) basis. However, in water trez. .
and wet processing operations cost is a major
parameter for evaluation. Scale inhibitors
cannot be best evaluated on their chemical
efficacy or on their cost per pound alone. A
comparison of cost/performance is needed:
how much of a given compound at its normal
sales price is needed to do the job. This
represents the true cost of treating a system
based upon the monetary value of chemical
necessary rather than upon the “pounds” or
“ppivi". in many insiances, the nhigher cost
inhibitor is actually the most economical product
due to its greater efficiency.

On a weight basis, DEQUEST 2000
phosphonate is one of the most effective
inhibitors of CaCO, commercially available.
Evaluated on a cost/performance basis, its
economic value is equally impressive.

in many comparison tests with polyacrylates,
polyacrylamides, acrylate-silicate esters, and
with ohosphate ester formulations, DEQUEST
2000 has given a higher percent inhibition of
CaCoO, at pH 8.5 or 10 for half to three-fourths
the arice. For CaSO0, inhibition, DEQUEST
2051 phosphonate exhibits a superior
cost/performance over the same types of
competitive materials and over DEQUEST 2000
as well. Moreover, these cost/performance
comparisons reflect only the scale inhibition
property of the products. The phosphonates
offer further benefits of hydrolytic stability,
control of iron fouling and relative indifference
to pH.

Monsanto has carrie= out cost/performance
studies with many of the widely used
polyphosphates, polymers and phosphate ester
formulations in comparison with DEQUEST
phosphonates. Further information is available
in Product Bulletin IC/SCS-319.

Use Level Considerations

Like many other scale inhibitors, DEQUEST
2000 and 2006 phosphonates give best
cost/performance at low concentrations around
1 to 20 ppm active acid. Higher levels can
cause calcium phosphonate precipitation, a
phenomenon termed the “turbidity region”. This
is shown below, where A indicates the range
for optimum cost/performance, B snows the
region of increasing calcium phosphonate
precipitation and C gives the levels at which
sequestration of calcium occurs:

Turbidity
Increasing Region
caicium
phosphonate

precipitation

Increasing mole ratio of
phosphonate to caicium

The concentration of phosphonate at which
turbidity begins differs for every combination of
PH, calcium and phosphonate. Higher pH and
increasing calcium levels shift the onset of
precipitation toward lower concentrations of
phosphonate. The order of susceptibiiity of the
DEQUEST phosphonates to turbidity formation
IS:

2051 < 2000,2041,2060 < 2010

In aciual field use in cooling water systems,
turbidity region precipitates are generally not
encountered at 1 to 20 ppm active levels or
with phosphonates other than DEQUEST 2019.
Special Report 8433 gives details and
representative grapi.s determined under
laboratory conditions.




. ne . Increasing the concentration of
:mldsﬁd(er larger and more rounded

Corrosion lnhibltlon

Metals such as steel, copper and brass which
systems must be protected from various iorms
of corrosion. Formulations of DEQUEST 2000
or the other DEQUEST phosphonates with
corrosion inhibitors such as zinc, triazoles or
isti . section.
DEQUEST 2000, alone, acts as a corrosion
iMibitorformildsteelifrelaﬁveuhigh
concentrations are useds:

*“These dain are besed upon samples tested in the laborsory and are not
guaranised for ol samples.

1008s not constitute an express werranly.
Ses NOTICE ot the front of this dullgtin.

N~
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However, synergistic formulations of DEQUEST
2000 phosphonate with other corrosion inhibitors
are more effective on a cost/performance basis.
For example, the following graph shows the same
experirnents as before, but now using a 1.4 to 1
molar ratio of zinc ion to DEQUEST 2000 (active
acid). With this formulation, the corrosion rate at
12-15 ppm 2000 is approximately the same as
that given by 5G ppm of 2000 alones.

Corrosio: inhibition of mild steel with a combina-
tion of zinc and DEQUEST? 2000 Phosphonate
(1.4:1 molar ratio)**

l

W -

Conc. of DEQUEST 2000—mg/1




The molar ratio of zinc to phosphonate
significantly affects the performance of a
formulation. Approximately a 1: 1 molar ratio of
zinc to DEQUEST 2000 phosphonate (active
acid hasis) gives the best corrosion inhibi.ion
on mild steel in laboratory evaluations. Bulletin
IC/STCS-314 provide~ formulating details for
acid or neutralized solutions of zinc with several
DEQUEST phosphonates.

Combinations of DEQUEST 2C00 phosphonate
with benzotriazole and tolyltriazole give good
corrosion inhibition on both brass and steel as
shown in the table belows. DEQUEST 2000
used alone accelerates the corrosion of brass®
and copper®. Formulations, though, function as
corrosion inhibitors for copper and its alloys.
Combinations of DE:JUEST phosphonates with

phosphates have been found to be efiective
corrosion inhibitors for steel. Details are

provided in Special Reports available from
Monsanto.

Most other typical corrosion inhibiting
compounds are compatible with DEQUEST
2000 and 2006 phosphonates and in
combination may show synergistic effect. in
addition to zinc and triazoles, the following
other types ¢! inhibitors should be evaluated in
formulations with phosphonates:

Phosphates & polyphosphates
Polymers

Silicates
Diethyldithiocarbamate
Nitrites

Oxazoles

Imidazoles

Lignins
Lignosulfonates
Tannins

Phosphoric acid esters
Boric acid esters
Molybdates
Chromates

Weight Loss and Percent inhibition Efficiency for Triazoles and
DEQUEST® 2000 Phosphonate in Simulated Cooling Water (110 ppm Hardness)* !

Inhibitor Cone. (ppmi)

Brass Steel

Triazole DEQUEST 2000

W Loss (mg)

W Loss (mg)

None None

94.73

90.88
90.48

10
20
10
20

65.12
20.94
39.58
17.35

— 10
- 20

39.40
26.22

'anb&uwmmhmlﬁm&yn&mmmhﬂm.

10oes not

itute 8n exp y
See NOTICE at the front of this bulletin.




unsequestered metal ion in solution. The larger
the value, the smaller the amount of free ion.
The following are the stability constants of the
, active acid component of DEQUEST 2000 and
SO '2006pho§phonatesil_1dicatingmeir
z%m' - | ;equestenngeﬁaetwnhvanousmetals.
™= ML the equilibrium constant in application areas such as textiles and
* ] bottlewashing, sequestering agents can be
w _ [MLOo-m) L evaluated in laboratory tests on a practical
KFW’“T weight basis. This is done by determining the
R ST : ' weight of calcium held in solution per gram of
-where-M*" is the metal ion, L-" the sequestrant in the presence of a precipitating
Sequestering agent, and ML~ the complex moiety such as carbonate or oxalate. The
“formed. The stability constant is then expressed results are affected by the precipitating agent,
- as the logarithm of the equilibrium constant, method of measurement and solution pH.
Stabili stant = Consequently, comparisons should be made
SR lity Con =log K, only within a specific experiment. Such data,
A comparison of the stability constants thus however, will separate superior sequestrants
gives an indication of the amount of from other products.

Stabiiity Constants for 1:1 Complexes of ATMP with Metal lons
Stability Constant

Metal lon Complex log K, Conditions Reference
Ca*? ML 6.68 25°. u=1.0 1

ML 75 25°, u = 0.1 7

Mg+t ML 6.49 25°, u =10
ML 72 25°, n=0.1

Sr't ML 65 25°, u=0.1

Ba*t ML 6.5

Mn*? ML

Fe** ML

Co*? ML

Nit2 ML

Cu*t

n*?

Tht

Cdbl




On both a weight and a molar basis, DEQUEST
2000 phosphonate is much more effective than
typical sequestrants in either the carbonate or
the oxalate fitration raethod. As shown i the
following table, chelation values, expressed as
milligrams of CaCO, per gram of “as is”
product, are higher for DEQUEST 2000 by both
methods than for any other product.
Furthermore, on a molar basis in the carbonate
test, DEQUEST 2000 and 2006 hold more than
two moles of CaCO,; in solution per mole of
active acid phosphonate.

The next table shows the effect of pH on
caicium sequestration by DEQUEST 2000 and
2006 phosphonates. These products give better
caicium sequestration as the pH of the test
solution increases from 9 to 12.

Sequestration of Calcium by DEQUEST® 2000 and
2008 Phosphonates at Various pH Values* !
(Carbcnate Method, 25°C)

Mg. CaCO; Per Gram of “As Is” Product
pHS pH 10 pH 11 pH 12

350 390 400 425

258 285 290 310

A Comparison of DEQUEST® m:mmnmphommmmmhoraldum&qmm't

Mg. CaCO, Per Gram of As Is Product

Moles CaCO; Per Mole
of Active Acid
Sequestrant

Product Form

Carbonate, pH 11

Oxalate, pH 11-12' Carbonate Oxalste

232 254 1.38

2000 50% Acid Solution 400
290

2006 40% Sadium Sait
Solution

121 2.99

Na,NTA-H,0 93% Solid Sodium

Salt

Not Applicable 1.04

40% Sodium Sait
Solution

Na,EDTA

107 1.33

40% Sodium Sait
Solution

Na;DETPA

1.55

Na,HEDTA 40% Sodium Sait

tested in the
tDoes not constitute an express warranty.
See NOTICE at the front of this builetin.

Y and are not guaranteed for ail sampiles.




" Titrate the samples with a 44.1 gram/iter

-~ calcium-acetate monohydrate solution to a
distinct, permanent turbidity Dy adding
'Betwaenmm of 0.1-0.4 ml without stirring.
i en increments, stir thoroughly. Duri

: titraﬁonniaintainlhepHconstamatﬂ.ogyg
adding 0.1N NaOH. -
Since the calcium acetate solution is aquivalent
toZSmgCaco,perml,attheturbidity

-..endpoint: : : -

o Y TS - Miligrams CaCO, sequestered per gram of s is

§  Carbonate Test Method ' mud:zszg;,%ca_m_r%mﬂg_’
... Weigh accurately 2.00 grams of as is - ' as is product ° et rame

| DEQUEST 2000 or 2006 phosphonate ofesie '

Deflocculation

DEQUEST 2000 and 2006 phosphonates are
effective deflocculating agents for numerous
siurries such as kaolin clay, barium carbonate,
barium sulfate and drilling muds. In tests with
kaolin clay, DEQUESY 2000 is comparable on
a weight basis at room temperature to sodium
tripolyphosphate. Furthermore, at elevated
temperatures, DEQUEST 2000 remains
effective whilg‘goly___gﬂosphat.es Ww

WG T O, § SUPJSTIOT ITyQrolytc
stability makes DEQUEST 2000 & valable
additiveforsmmesexposedtohigh
temperatures or long storage times.

Stability of Deflocculated Refined Georgia Kaolin® 1
(50% Solids, 40°C)

n
(Time in Days)
45 60

Deflocculant WL % Active SeR
DEQUEST® 2006 Phosphonate |  0.19 20 160
Tetrasodium Pyrophosphate 0.15 5,500
Sodium Tripolyphosphate 0.15 4,300
Sodium Hexametaphosphate 0.14 25,000
'M&mhﬁmmwmhmmnm

guerantesd for all samples.

tbounummmm.
See NOTICE at the iront of this bullen.




- Specific Applications
for DEQUEST® 2000 and 2006 Phos

The introductory section ‘sted genera!
advantages of DEQUSST phosphonates in a
variety of application areas. In “Chemicai and
Physical Properties”, the technical data giving
the basis for these numerous applications were
presented. The following secticns give further
details of specific application areas.

Cooling Water Treatment
Scale Inhibition

DEQUEST 2000 phosphonate is a highly
effective inhibitor for calcium carbonate and
calcium sulfate, the two most prevalent scelants
in cooling water systems. The data given
previously have shown its excellent control of
these and other scale-forming minerals at
dosages of one to five ppm.

Corrosion inhibition

DEQUEST 2000 phosphonate exhibits
beneficial synergism when formulated with
typical corrosion inhibitors such as chromate,
zinc and polyphosphates. Monsanto Bulletin
IC/SCS-314 gives detailed information fcr
preparing acid or neutralized formulations of
zinc with DEQUEST 2000 and with the other
DEQUEST phosphonates. Laboratory data in
s bunstn show that about a one-io-one moiar
ratio of zinc ion to DEQUEST 2000 (active acid)
gives the best performa.ice.

Chiorine Stability

in actual use in cooling water systems,
DEQUEST 2000 phosphonate shows sufficient
chiorine stability for practical threshold
inhibition. Field experience by many companies
has shown that this phosphonate can be used
effectively in slug-fed chlorinated systems either
with or without zinc. However, if greater
inherent molecular stability to chiorine is
desired, DEQUEST 2010 (which is a
non-nitrogen phosphonate) should be
evaluated.

honate

The stabiity .t DEQUEST 2000 in chiorinated
sy.siams ca” v ircraased by separating
inhdiior and dvicnnz feed lines, by using slug,
rather thzn ~criinucus chiorination, and by
formulating with 2r.c. ~u:thermore, other factors
such as the presonea o scalart ions and of
easily cexidized n.icroorganisms may also
increase the stability of the phosphonate.

Formulations of DZQUES T 2000 phosphonate
with a 1:1 molar ratio of zinc icr show
substantially greater stability to chiorine than
the phosphonate alone. The following table
displays this effectiveness of zinc in preventing
degradation of 5 ppm of phosphonate (25°C,
PH 7) as indicated by the gradual loss of free
chiorine with time.

Stabilization of DEQUEST® 2000 Phosphonate
to 2.4 ppm Free Chiorine by a 1:1 Molar Ratio
of Zinc*

Percent of Original Free
Chiorine Remaining

Time Elapsed
(Hours)

94%

77%

an exp y
See NOTICE at the front of tivs buietin.




Tests to determine the thermal stabikity of
DEQUEST 2000 phosphonate have been run

o e operating conditions:of
~260°C and 600 psi over periods from two to

_~_seven days. In the study, simulated boller water

was freated with 61 ppm and 42 ppm of
--DEQUEST-2000-phosphonate. Analyses were
made to determine the amount of degradation
- of the phosphonate to orthophosphate. Under
-- these temperature and pressure conditions, the
- hali-life for degradation of DEQUEST 2000 to
orthophosphate is approximately nine days. For
- practical purposes, the caiculated
. decomposition to cithophosphate under these
-conditions is 1.3% after-six hours; 2.6% after
fweive hours; 5.3% after 24 hours.

Clystdm«ndﬁee:i::maybempﬁmgry
agent to produce a fiuid, non-adherent sludge.

in combination

with other chemicals should be done on both
phosphate and carbonate cycle treatments.
These tests should inciude both clean and dirty
boiler conditions to determine the ability of the
phosphonates to provide synergistic removal of
existing calcium, magnesium and iron deposits.
The DEQUEST phosphonates are also effective
chelating agents for caicium, magnesium, iron
and copper. Chelation trealments using
formulations of phosphonates and chelants
such as NTA and EDTA may give

performance with the

. Synergism between
phosphonates and NTA or EDTA may produce
uniquely useful scale control formulations.

with moet typically used chelants, siudge

__modification agents, corrosion inhibitors and

oxygen scavengers.
Textile Applications
in the abeence of trace metal contamination,

- peroxide solutions used in fabric bleaching
, showontygradualloasofavailableoxygen.

I-Iowever,aslimeaso.zs:ipmofeopperorimn
causes rapid loss of oxygen resulting in costly
poor

- degradation of peroxide and

consequent
bleaching performance. As shown in the
folowing graph, the presence of a small
amount of DEQUEST 2006 phosphonate wili
stabilize the bleach solution at 210° F. This
stabilization decreases peroxide loss, reduces
peroxide ccsts and allows more efficient
bleaching.

Stabilization of Peroxide Bleaching Solutions
by DEQUEST® 2006 Phosphonate* t

11 g/1 H,0,, 35%, 11 g/t Sodium Sikcate, pH 10.5 at
210°F in Soft Water Without Fabric

100

++

% AVAILABLE OXYGEN FIEMAINING

1 1

Bisaching Time in Minutes

-mmnmmmmhmmwnw
guaranieed for all sampies.
1Doss not constitte an express warranty.

See NOTICE at the front of this bulletin.




A tyrical improvement in bleaching
performance due to the phosphonate
sequestrant is shown by the following data.
(Fabric having a whiteness number only two
units higher than another is noticeably whiter to
the eye).

Bhaehlpg Results With Three Fabrics* t

Bleaching Solution:
11 9/1 35% H,0;, 11 g/1 sodium sificate,
0.25 ppm Cu**, pH 10.5

Procedure:

1 hr. bleach @ 210° F, two 30-min. rinses with soft
water).
Whiteness Number'

No DEQUEST® 2000
Fabric Sequestrant | Phosphonate, 1.0 g/1

100% Cotton 75 84
50% Cotton/50%
78 84

Polyester
357 Cotton/65%
Polyester 100 109

*Whiteness Number = L — 3b, where L = 10 Rd determined on the Gardner
Color Difterence Meter.
“These dala are based upon
Quaraniesd for il samples.
100es not constitute an express warranty.
See NOTICE at the front of this buletin.

tested in the

y and are not

Monsanto has also develoned DEQLIEST XK,
a special phosphonate for textile scouring. This
chelating agent has a high iron sequestering
power that eliminates fabric spotting and
improves cleanliness. The product is

supplied in a neutralized form that is soluble

in water in all proportions and in caustic

up to 35% NaOH concentration.

Laboratory and production performance data
are available from Monsanto. For further
information on textile applications, including
compatibility with caustic silicate scouring
solutions, scouring performance and control of
iron and calcium during scouring, con’act your
Monsanto representative.

Bottiewashing

DEQUEST 2000 phosphonate is recommended
as a trifunctional additive in conjunction with
gluconic acid for caustic bottiewashing
formulations. The ideal sequestrant for caustic
bottlewashing formulaticns is one that
sequesters metal ions, disperses solids in the
soaker stage, and prevents scale formation in
the rinse stage. Most conventional chelating
agents’ activity is limited to complexing metal
ions—with no effect on dispersion or clean
rinsing. Inorganic polyphosphates possess
these three desirable properties, but their poor
hydrolytic stability at high pH and elevated
temperatures seriously reduces their
effectiveness.

DEQUEST 2000 phosphonate offers all three of
the desirable functionalities in addition to
hydrolytic stability. Possible benefits from its
use in bottlewashing formulations inciude
improved overall quality of washing
effectiveness and gradual descaling of
equipment down to a hard crust.

In the rinsing operation, the exceptional
threshold scale inhibiting power of DEQUEST
2000 phosphonate may decrease spotting from
mineral deposits on the glass surfaces. in the
normai course of washing, the glass surfaces
camy a “drag out” of NaOH and sequestrant
from the wash solution. Scale from hard rinse
water, soil removed from bottles and “drag out”
solids all accumulate as unsequestered
scalants. The caustic present raises the pH of
the rinsing water film and the carbonate ion
concentration increases. Any ordinary chelating
agent has already spent its effect in the wash
Cycle, so little or no chelation occurs in the
finse and scale deposits on the glass surface.
With DEQUEST 2000, however, such
deposition may be inhibited by the threshold
amounts of the phosphonate present in the
crag cut.

Laboratory and production plant evaluations
indicate that formulations containing weight
ratios in the range of 2:1 to 1:1.75 of
DEQUEST 2000 (as is) to gluconic acid will
give the most efficient bottle wash. Blends of
DEQUEST 2000 phosphonate with
glucoheptonate appear to be somewhat less




dispersants, When ait or prior procimtate is
, mm«mmmw

: property. Phosphonate
roxide which plugs water injection surfaces
formations o coflects in el bore capiliavies. Ths e
scale inhibitor also serves to inhibit iron fouling.
of Since resqueezing is done based on the
. | oth:; amount of inhibitor retumed, simple, m"::erate.
range field analysis methods are necessary.
oid scale  amount of phosphonate in the produced

inhibition. Multi-purpose treatments to inhibit water can be determined by either a thorium
scale, to control comrosion, to disperse solids chelometric titration or by a colorimetric
and to_control iron fouling can be formulated orthophosphate analysis after digestion
Finally, phosphonates are compatible with most
. in the continuous treatment of injection water, m‘yeommoilﬁeuuemm
threshoid leveis of DEQUEST 2000 such as polymers, corrosion inhibitors,

wehasCaOO,andCaSOFammmmh biocides. These phosphonates are stable in
corosion inhibitors such as zinC give products acids and are thus compatible with acid

which may provide both corrosion and scale treatments. They are also generally soluble in
inhibition in a single package. concentrated brines but are insoluble in crude
DEQUEST 2000 phosphonate is also oil.

.. Darticularly well suited to “saueeze trastmant” For squseze treatmonts wivere caicium
_needs. These treatments have given effective carbonate is the predominant scalant,
scale control for as long as 24 months. To be DEQUEST 2000 is recommended as the
most effective, a scale inhibitor must control phosphonate that will yield the best
CaCO, and CaSO,, usually in combination with cost/performance. Where caicium sulfate is the
Mironmm.!’awtem predominant scalant, one of the DEQUEST
effectiveness, the inhibitor must be thermally 2051 or 2041 phosphonates may show superior
and hydrolytically stable. it should have value in cost/performance. All these compounds
corrosion control. The performance of possess the property of hydrolytic stability at

DEQUEST 2000 and 2006 on these counts has elevated temperature necessary for effective
been covered in detail in preceding sections. In squeeze treatment chemicals.

phosphonates offer stifl others. Further information on the use of DEQUEST

phosphonates in oil field squeeze treatments is
Sebelivosomulityisavaluablema_ry avajlableinSpledalRepo?iqeaos.




- Conversion
of DEQUEST® 2000 to DEQUEST 2006

Monsanto has used glass-fined and 316
stainless steel jacketed vessels for the
neutralization reaction. Although corrosion rates
for both materials have been acceptable, the
use of 316 SS by customers must be at their
own risk because of the 0.5% chioride content
in DEQUEST 2000 and possible resulting stress

DEQUEST 2000 is a 50% aqueous solution of
amino tri(methylene phosphonic acid) or
“ATMP”. DEQUEST 2006 is a 40% aqueous
solution of the pentasodium salt of ATMP. The
conversion procedure consists of reacting
DEQUEST 2000 with 50% NaOH solution to a
finai pH of 10-11. The reaction is typical of a
strong acid-strong base reaction and is
therefore exothermic. Jacket cooling and
agitation are required to prevent the solution
from boiling. An operating temperature range of
60--90°C is suggested. Using a 1000 gallon
jacketed vessel and ambient temperature
cooling water, NaOH addition time for a 11,500
ib. batch is about 3 hours. Total cycle time
including drumming is 8 hours. There are trace
levels of ammonium ion in the DEQUEST
product, so an ammoniacal odor during
neutralization is typical.

If alass-linad aquinment ic uced the DEQUIEST
2000 charge is added first to the vessel
followed bv slow addition of the 50% NaOH
solution. . his procedure protects the glass from
the very high alkalinity of the caustic solution. If
31€ SS is used the procedure is reversed. In
this -~ se the full charge of 50% NaOH is added
to .+. - vessel and DEQUEST 2000 added

siow: - to the stirred caustic solution. This
sneeedure protects the stainless from attack by
vt acidic DEQUEST 2000 solution.

Procecure: (100 Ibs. of DEQUEST 2006;
giass-lined reactor)

a. Charge into the reactor 58.5 Ibs. of
DEQUEST 2000 and tumn on the agitator.

b. Begin addition of the 50% NaOM solution,
allowing the temperature to reach 60°C
before tuming on the jacket cooling water.
Adijust the caustic addition rate (with jacket
water flowing) to hoid temperatisre between
60° and 90°C. Once NaOH addition is
begun, the entire amount s:iould be added
without intermediate stops and cooling. This

can lead to precipitation as intermediate di-
and fri-sodium salts of ATMP have limited
solubility (See Fig. 1).

. A total of 40.5 Ibs. of 50% NaOH solution is

required to obtain a pH of 10—-11 (1% active
solution).

. After caustic addition, withdraw a sample

and measure pH of a 1% solution (2.5 g. of
DEQUEST 2006 solution per 98 cc of
distilled water). If the pH is not within
specification, add DEQUEST 2000 or caustic
as necessary to make adjustments.

. The specific gravity of the solution is then

determined using a hydrometer. The
measurement is made at 20°C. Using the
density curve (See table below) and the
specific gravity value obtained, the % active
is found. This should be between 38 and
42%. if a concentration greater than 42% is
obtained, water is added. if the
concentration is below 38%, excess water is
boiled off. Assuming no evaporation 1.0 Ib.
of dilution water should be required.

. When the correct pH and specific gravity are

obtained, the DEQUEST 2006 is cooled to
below 50°C and drummed. Viscosity of this
solution at 20°C is about 250 cps. and at
60°C about 25 cps. Typical color is 175

Araaza
AFTIA.

. For a sparkling clear solution, (optional) the

product can be filtered through an in-line
sparkler filter (polypropylene, fiber glass
cartridge). As the solution is more viscous at
ambient temperatures filiration should be
made at about 60°C.

Specific Gravity of Neutrsiized DEQUEST* 2000

148 I
L e Z
e Sy 48
Pl , :

‘ i

1.42
1.41
1.40
1.39
138
137
138
135
134
4
vl

<} » k] - 43

SPECIFIC GRAVITY AT 20°C.

% “ACTIVE” AS DEQUEST 2008 EQUIVALENT




in addition %o the methods listed below, two

Hach Chemical Company offers a method
based on oxidation of the phosphonate to
phosphate by ultra-violet light catalyzation.
-A-method based on oxidation of the
phosphonate to phosphate by the Cerium ion
at ambient temperature was developed by
MmsamoandpresemedtolheCTlaspaper
‘nomber TP-240A.

Detailed analytical methods will be supplied by
Monsanto on request.

Further information is available in Bulletin
IC/SCS-317.

’WD-—MMMbhmdmmm
in DEQUEST 2000 and 2008.

Colorimetric Total Phosphorus
(Hach Test Kit Model PO-24)

Colorimetric Chelating Agent
(LaMotte Polyphosphate Test
Kit Mode! PPK-F)

Chelometric Thorium Titration
(Taylor Test Kit Mode! 1583)




Patent
Bibliography

Monsanto Patenting Licensing Policy on DEQUEST
Phosphonates

The following U.S. Patents related 1o DEQUEST

amammmboeouesr
. Inquiries conceming patent licenses should

mmn:

800 North Lindbergh Bivd.

St.l.ow.msawe

Aftention: Patent Department, MICC

u.s. Ma1m17—chlsamhmm
peroxy compounds by the addition of from 0.5 to 3% by
weight of a defined compound.
Covers DEQUEST 2010, 2015 DN.

Terms: lnvoice or formal kicense at 3% of LTL selfing price.

U.S. Palent 3,140,151 —Ciaims the per-cornpound obtain >d
by reacting an alkal metal sakt of DEQUEST 2010 with
hydrogen peroxide.

Terms: Formal license at 5% of LTL seling price.

U.s.qu.lﬂ—ummeprmdaddng

all olhor water
treatment applications. Covers DEQUEST 2010, 2015

DN.
Terms: Invoice or formal license at 3% of LTL selling price.
U.S. Patent 3,234,124—Claims a method for inhibiting
Scale by adding sequestration amounts of amino tri
(lower alkcylene phosphonic acid) compounds. Covers
DEQUEST 2000 and water soluble salts thereof.
Terms: Royalty free.

U.S. Patent 3,234,140—Clains a method for stabilizing
peroxy solutions by the addition of at least 0.001
weight percent of an amino tri (lower akylene
phosphomcaud) Covers DEQUEST 2000 and salts

Terms FormallieenuatS%o'LTLsellingpnce

U.S. Patent 3,317,340—Claims a process of treating iron
and steel surfaces with certain defined
organophosphorus compound for the purpose of

ing iron salts prior to enameling. Covers
DEQUEST 2010, 2015 DN.
Terms: invoice or formai license at 3% of LTL selling price.

U.S. Pstent 3,336,221 —Claims a method for inhibiting
scale by adding threshoid amount of an
aminomethylene phosphonic acid compound. This is
the basic use patent in threshold scale inhibition.
Covers DEQUEST 2000, DEQUEST 2041 and saits
thereof.

Terms: Royalty free.

U.S. Patent 3,380,924—Claims a surface aclive
cumansodunpotmmor
ATMONIUM S0ap mmmm
oostozsngm

percent hydroxyethane
acid or salt. Covers DEQUEST 2010, 2015 DN.
Tm:hvoicaorbnndmats%dLTLsoﬁngpria.

U.S. Patent 3,475,293—Claims a process for the
electrodeposition of a divalent metal, e.g., copper, iron,
nicke, zinc, cadmium, etc., in a neutral or akakine

dsporuoncomavmganorgmophoqwmate.
Covers DEQUEST 2000, 2010. 2015 DN.
Terms: Formal license at 3% of LT\ se#ing price.

U.S. Patent 3,713,834—Claims a process for the
electrodeposition of a metal, e.g., goid, copper, nickel,

organophosphon
DEQUEST 2000, 2010, 2015 DN, 2041.
Terms: Formal license at 3% of LTL selling price.

U.S. Patent 3,706,635—Claims a process for the
ebwodspoaumofarrmal e ., goid, copper, nickel,
zinc, cadmium, etc., frommamm:ssohhon
conta:mtgammeoforganophosphonales Covers

DEQUEST 2010, 2041.

Terms: Formal license at 3% of LTL seling price.

U.S.MIMIH—-CIamsaMhodoHreamgzmc
dlecasnngsmmg!organophosphonatepnorto
immersion in an electropiating bath to inhibit immersion
plating of copper from cyanide-free copper piating,
electrolytes. Covers DEQUEST 2000, 2010, 2041,
2054, etc.

Tenms: Formal license at 3% of LTL seiling price.

Purchasers of DEQUEST phosphonates may request an
mvueelieetmwhmnﬂ:eamountofmyal!ymllbeadded
to the purchase price of the product and the purchaser
licensed to use the invoiced amount in the patented
method. Afamallloenseunmstndedastomofswpiy
is also available from Monsanto.

The above licensing terms, including royalties, for each 1).S.
Patent is subject to change without notice. No
reprasemanonlsmaderespechnganyomerpalermmed
or licensed to Monsanto. Nothing contained herein is to be
conslrued as a recommendation to use any product or
process in confict with any other patents.
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