REG, U. s. PAT. OFF,

HYDROXYACETIC ACID

70% SOLUTION =— TECHNICAL

ACTIVE INGREDIENT:
_' Hydroxyacetic acid (Glycolic acid) ............................ 70%
ACCEPRPT EE)'I INERT INGREDIENTS ... 30%
[ C/{ ] 4 . EPA Reg. No. 352-304-AA
/ OJ/?7'2' Keep out of reach of children.

UNDE:. Th: { EUERAL INSECYICIDE DANGE R! MAY CAUSE BURNS OR DAMAGE TO THE EYES.
F ECONOMIC POBON REGLTER " MAY BE HARMFUL OR FATAL IF SWALLOWED.
ED UNDER NO. M Do not get in eyes, on skin, or on clothing.

m-

In case of contact, immediately flush eyes or skin with plenty of water for at least
15 minutes: for eyes, call a physician.

FIRST AID — If swallowed, drink milk, raw eqq white, mucilage or gelatin solution;
if these are not available drink large quantities of water. Call a physician.

FOR TECHNICAL AND USE INFORMATION, SEE DU PONT BULLETINS.

Do not reuse drum; destroy by perforating
or crushing and burying in a safe place.

NET 550 LBS.

A,
IC-18160 5-72 PRINTED ! SA.

E. 1. DU PONT DE NEMOURS & CO0. (INC.), INDUSTRIAL CHEMICALS DEPARTMENT, WILMINGTON, DEL.
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INTRODUCTION '

Chemical cleaning of '-ater wells to restore or in-
crease productivity has become accepted practice
in recent years. Acid cleaners are generally the most
effective agents to remove encrusting materials on
metal screens, pump parts, and from pores of un-
derground water-bearing formation. The purpose of
this bulletin is to acquaint well owners, drillers, clean-
ing contractors and formulators of well cleaning
agents with hydroxyacetic acid and sulfamic acid,
two Du Pont products which are particularly suitable
for use in water well stimulation. This information
also is offered as a guide to the user in selection of
the proper Du Pont chemical agent for treatment of
problem wells.

Successful acidizing of water wells is not simple, due
largely to the difficulty in defining the actual cause
of capacily decrease in a given well. These causes
vary widely with geographical location. Each well
must be analyzed as a separate and distinct case.
On the following pages, some of the more important
considerations and approaches to successful weil
stimulation are summarized.
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Reduction of well output can be caused by one or
more conditions. Among the most common are the
following.

1. Precipitation of calcium and’or magnesium car-
bonates in the strata, on well screens or in pump
and discharge lines due to high water alkalinity.

2. “Air dewatering” of the screen and surrounding
formation, resulting from serious drawdown of water
level. This can lead to precipitation of metal salts
and hydroxides of iron, calcium and magnesium in
strata and screen pores.

3. Deposition of clay or silt from either sagging
strata or gradual buildup in and around the pump
screen.

4. Slime formation caused by iron bacteria. such as
Crenothrix, Leptothrix, Clonothrix, and sulfate-re-
ducing bacteria Desulfovibrio desulfuricans, and the
iron-oxide excreting Gallionella ferruginea. Hydroxy-
acetic acid has been proven to be particularly effec-
tive against Gallionella, which is a frequent cause
of well plugging.

5. Slime formation caused by other types of organ-
isms. Certain bacteria, by either altering environ-
mental conditions or by utilizing a portion of the
manganese radical present in plant life upon which
they feed will deposit large quantities of manganese.
By subsequent bacterial action, the manganese may
eventually be precipitated as manganese carbonate
or manganese hydroxide.

Other possible causes of reduced output which are
not related specifically to pluggage are drops in
water tables or reduced pump efficiency due to wear
and age.

In order to choose the most effective cleaning meth-
od, as much of the following well history as possible
should be determined.




Well History

Age of weil. depth, water table level, materiais of
construction (see page 5); history of past cleanings.
if any: types of agents used, how applied, and
results.

Specific Capacity History

Specific capacity, or gallons per minute (gpm) per
foot of drawdown, is a term commonly used to de-
scribe well output as related to water level under
static versus dynamic conditions.

Decreasing specific capacity is an indication of well
fouling.

Example:

- . Flow Rate
Specific Capacity =. ———
Drawdown

Flow Rate == 800 gpm

Distance from ground to water level when not pump-
ing ~- 80 ft. (static)

Distance from ground to water level while pumping
100 ft. (dynamic)

Drawdown -- 100—-80 — 20 ft.

Specific Capacity - -820(? -~ 40 gpm/ft. drawdown

Water Analysis

Water analysis should include where possible, level

of pH. alkalinity, iron, manganese and certain bac-
teria.

pH in the 7.5-and-above range, showing total car-
bonates in the 300-t0-700 ppm range, indicates a
probability of heavy carbonate scales. Carbonates
in the 50-t0-300 ppm range indicate moderate to
heavy scales. Fifty ppm or less of carbonates indi-
cates light to moderate scale buildup.

Ferric hydroxide can be present throughout the range
of pH normally found in well waters. Soluble iron in

the 5-to-10 ppm range is considered a relatively high
iron level and indicates the probability of high iron
scale. When this condition exists, the possible pres-
ence of iron bacteria should be investigated. It has
been reported that many bacteria act upon solutions
of less than 0.5 ppm of iron. Low iron is no certainty
of absence of iron bacteria.

Reports on Manganese Deposits in Western Reser-
voirs and Distribution Systems (H. C. Myers, Cali-
fornia Water & Telephone Company, 1960) indicated
slime problems occurred with manganese levels as
low as 0.1 ppm.

Scale Analysis

Frequently, analyses of scales removed from pump
parts or screens may show clearer evidence of the
problem than the often-delicate water analysis, where
very low levels of constituents may not be detect-
able. This is sometimes true in the case of sheathed
iron bacteria which are often encapsulated by iron
scales.

Detection of Bacteria

Detection of bacteria usually is the most difficult to
accomplish.” Screening of water through membrane
filters or careful and prompt analyses of water, mud
or iron scale samples by a qualified laboratory as-
sists in identification of iron bacteria.

Figures 1, 2 and 3 show plate photographs, repro-
duced from an article by J. M. Sharpley entitied
“Bacteria in Flood Water: What They Are, What
‘hey Mean” (PETROLEUM ENGINEER, February
1961). Mr. Sharpley reported that *. . . characteristic-
ally, Gallionella is found in large numbers in water
containing fair amounts of carbonic acid after pene-
trating iron-containing geologic strata.” “Another
characteristic place to find Galiionella is in source
wells utilizing water from either river arave! beds or
ol-! glacial fills, As an illustration of these two
sou es of Gallionellx, the water from the alluvial
yravel adjacent to the Arkansas River and fresh

water wells drilled in the Wabash Valley basin . . .
have been found to contain Gallionella in large
numbers.”

WMIATERIALS OF CONSTRUCTION

Materials used for screen construction vary widely.
Copper, stainless steel, “Everdur*, red brass, gal-
vanized steel, nickel and mild steel are among the
most common. Pump parts and lines may be mild
steel, black iron, cast iron, galvanized steel ¢r stain-
less steel. Concrete is used often for casement
construction.

The foregoing points out most clearly the importance
of selecting a cleaning agent which will have minimal
effect upon expensive well components by corrosive
action. Hydroxyacetic and sulfamic acids normally
meet this need, while at the same time providing
effective well cleaning action.

FIG. 1. Sulfate-reducing bacteria in connate water. The while
cells are shown against a dark contrasting background. Sul-
fates are reduced to hydrogen sulfide.

*American Brass Company requstered trademark

FIG. 2. Sphaerotilus sheathed iron bacteria, forming slime on
a corrosion coupon. They occur in lines rather than in tanks
or filters.

FIG. 3. Ancther species of iron bacteria, Gallioneila, excretes
long, twisted strands of iron oxide. The microorganism itsalf is
rarely seen except by special cultural techniques.




Some of the more éarﬁﬁlbnly-employed agents for
well stimulation are listed below.

Hydroxyacetic Acid"—Chelates and removes light

iron and carbonate scales, controls Gallionella iron
bacteria and inhibits their further regrowth. (See
Section 3))

Sulfamic Acid**—Removes carbonate scales and
light iron scales effectively. waile minimizing corro-
sion to expensive equipment. (See Section 3.)

H.T.H.—Calcium Hypochlorite 70%"*—For water
purification. Common household bleaches sometimes
also are used.

Inhibited Hydrochloric Acid'**—Removes heavy iron
oxide, sulfide and carbonate scales. Care must be
exercised to minimize corrosion of equipment and
avoid precipitation of ferric hydroxide upon dilution.
To prevent the latter possibility, chelating agents
are frequently used in conjunction with hydrochloric
acid.

Chelating Agents'—Tanaric acid, citric acid, ethyl-
enediamine-tetracetic acid and other agents are
used for iron chelation in combinations with HCI
or alone.

Sodium Hexametaphosphate —Used frequently be-
fore acid treatment to break up and float out clays
and silt. Concentrations of 25-t0-30 Ib. per 100 gal.
of water gcnerally are used, followed by vigorous
surging. (Not recommended where calcium levels
are high. due to insolubility of calcium phosphates.)

Details on the use of hydroxyacetic acid and sul-
famic acid appear later in this bulletin. With regard
to the use of the other chemicals listed above, the
manufacturer's or distributor’s directions regarding
their use in water wells should be strictly followed.
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A 70% solution of hydroxyacetic acid is a particularly
advantageous agent for well stimulation for the fol-
lowing reasons.

Effective anli-bacterial action—controls the Gallio-
nella iron bacteria which causes precipitation of iron
oxide. This material not only plugs well strata and
screens but also can cause pit-type corrosion.

Effective bacteriostat-—inhibits the growth of many
bacteria.

Effective chelating agent-- particularly for iron, and
to a lesser extent for calcium and magnesium (it ties
them up in soluble form so they can be pumped
from the well).

Registered U.S.D.A. {(Reg. No. 352-304).

Safer for equipment—very mildly corrosive and safe
on all well metals.

I TEETNTINE ¥

Sulfamic acid is a dry, white, qranular or crystalline
acid. It is a strong inorganic acid, yet only mildly
corrosive.
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Effective and rapid carbonate removal—most salts
of sulfamic acid are more soluble than corresponding
chloride. sulfate or nitrate salts.

Effective for light iron oxide removal—it can be
mixed with common salt for very tough iron scales.

Rapid solubility in water--up to 18% at 70°F.

Dry, easy to handle--one 400-lb. fiber drum is equiv-
alent in acidizing power to seven 13-gallon carboys
of 20 hydrochloric acid. It can be added to the well
either in solution or dry form.

Safer for equipment—has low corrosion rates on
metals. Does not cause stress cracking on stainless
steel. Can also be used in contact with certain plas-
tics such as baked phenolics, polyethylene, rein-
forced epoxies and polyvinylchloride.

o

Many problem wclls must be treated either with a
mixture of acids, or in sequence with different acids
to remove pluggage cifectively. Du Pont hydroxy-
acetic and sulfamic acids can be blended to provide
an effective cleaning agent for many conditions. In
some instances. use of inhibited hydrochloric acid™*
will be desirable where especiully tough measures
are called for.

~]



with a resulting decrease in pump efdcigngy. This
is not unlike boiler cleaning. wherein daky ghay, de;
velop in tubes following removal of scale from badly
corroded areas, leading to the erroneous conclusion
that the cleaning agent caused the condition. For
this reason, and as a matter of t\'t}diiipznzd s&lfet'yf,

most formulators include inhibitors in thelr mixturas, .

In any event, the decision on use of inhibitors should
be contingent on the specific circunistances en-
countered.

Use of wetting agents is considered good practice
to improve cleaning performance; therefore, they

* ha

¥

ave, been included in the suggested formulations.
» »
»

Many wetting agents and corrosion inhibitors are
toxic in nature. Therefore, it is suggested that where
they are used in cleaning formulations, State agen-

, cigd shduld be advised as to concentralion and type

being. used. In States where required, it is good
practice to have available analyses of the well water
both prior to treatment and after fiushing, to deter-
mine residual level of inhibilor concentration.

A number of compatible corrosion inhibitors and wet-
ting agents are listed in Table Il

TABLE Il
SUGGESTED DRY FORMULATIONS BASED ON DU PONT SULFAMIC ACID

N AT TRVES RITRTS FA L 5. Where moderate iron and carbonate scales are
Selection of the r-nper agent or combination of  present, use sulfamic acid alone. Problem
agents. based ¢, previously collected data and well A B

history is the key to successful application.

The following guidelines will be helpful in making
this selection.

1. Where light iron scale and on bacteria are pres-

T I LR VR PRI RO EA

Du Pont acids. either alone or in combination, offer
a solution to many types of well pluggage. Three
liquid and two dry formulations are suggested in
Tables | and II.

® Heavy lron Scale
e Slight Carbonate Scale
® No Bacteria

Formulation

® Moderate lron Scale
¢ Moderate Carbonate Scale
® No Bacteria

ent. use hydroxyacetic acid. Sulfamic Acid, % 65.0 95.0
e e e e \ Ny 0 0 _—
2. Where carbonate scale and iron bacteria are pres- 1177 30 R L DT R CNMD A T TNG faﬁ (N?(?.Ia), g o p 2.5
ent, use a mixture of hydroxyacetic acid and sulfamic IR R Pluronic"* F-68-LF, % 25 .
acid. At the lower temperatures encountered in well clean- “Rodine"* 115, % 25 25
: ing. the use of inhibitors for either sulfamic or hy- . Amchem Products, Inc.. registered trademark. 100.0 100.0
3. Where very Ftleavy carbon;:latet.scalef znj ron bat(.:- droxyacetic acid usually is not necessary. However, b W";:n.drﬂa Checm‘icaifcofgo?:i:n :;;i:t::ad trademark.
teria are present. use a combination of hydroxyacetic : . ; -
. . occasionally in old wells the encrustation buildu
acid with either sulfamic acid or hydrochloric acid. y P TABLE 1l

4. Where heavy iron and heavy carbonate scales are

can be so severe that the scale covering the pump
parts may actually become part of the bearing sur-

SUGGESTEDC WETTING AGENTS AND CORROSION INHIBITORS

FOR USE WITH SULFAMIC AND HYDROXYACETIC ACIDS®

present and a dry acid descaler is preferred, use a  faces. Consequently. following an effective acid
mixture of sulfamic acid and sodium chloride. cleaning. pump parts may no longer be tight fitting. Wetting Agents (All Concentrations

2 Lb. Agent/100 Lb. Acid)"”

TABLE 1. ) - “Pluronic” F-68-LF Low foaming; non-ionic Solid
SUGGESTED LIQUID FORMULATIONS BASED ON “Merpol"* OE Low foaming; non-ionic Liquid
DU PONT HYDROXYACETIC-SULFAMIC-HYDROCHLORIC ACIDS “Triton™ X-100 Non-ionic ’ Liquid
Problem “Renex’! 35 Non-ionic Solid
A B c NOTE: Anionic wetting agents may be precipitated by certain inhibitors in acid solutions;
e Light-to-moderate ® Heavy iron scale ¢ Heavy carbonate

, therefore, only the non-ionic type are listed here.
e lron bacteria scale

o Light-to-medium ® lron bacteria

iron scales

¢ lron bacteria Inhibitors for Sulfamic Acid

Concentration (Lb./100 Lb. Acid)

e Light carbonate carbonate scale o Medium iron scale ""Aldac™* 97 2 Powder
i scale The following are particularly good for copper,
Formulation brass, 304 and 316 stainless steei:
Hydroxyacetic Acid “Rodine’ 115 1 Brown Powder
(70% Tech), % 98 70 30 “Rodine" 140 7 Off-white Powder
Sulfamic Acid, % — 10 — (“Rodine” 140 is also effective on gal-
Inhibited Hydrochloric vanized steel)
Acid, % — — 63 “Ferrifloc’"’--Hydratec Ferric Sulfate 1 Off-white Powder
“Merpol* OE, % 2 2 2 (For stainless steel)
Water, % — 18 5 e i e e e e e . mnich, e e . Ao Chomreal ot aein e o distorad tiadmatk.
— — 100 the only ones acceptable. e. Aldoa Chemical Company rﬁgislered tradema:k.
a. Du Pont regiclerad trademark for its suriace sctive agenis 100 100 b. Calculated on fotal acid content of formula. I. Tennessss Corporation registered trademark
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TABLE L
SUGGESTED LIQUID FORMULATIONS BASED ON
DU PONT HYDROXYACETIC-SULFAMIC-HYDROCHLORIC ACIDS

A

iron scale
® [ron bacteria

Problem
B C
e Light-to-moderate  ® Heavy tron scale ¢ Hcavy carbonate
® lron bacteria scale
e lLight-to-medium e lron bacteria
carbonate scale ¢ Mcdium iron scale

® Light carbonate

scale
Formulation

Hydroxyacetic Acid
(70", Tech}, " 98

Sulfamic Acid, v o

Inhibited Hydrochloric
Acid. " -

“Merpol ™ QE, %% 9
Waler, .

e 100

70 30
10 --

18 5
100 100
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TABLE Il

SUGGESTED DRY FORMULATIONS BASED ON DU PONT SULFAMIC ACID

Problem
A B
e Heavy lron Scale
e Slight Carbonate Scale
¢ No Bacteria

¢ Modcrate hhon Scale
e Moderate Carbonate Scale
¢ No Brcicria

Formulation
Sulfamic Acid. "« 65.0 95.0
Salt (NaCl), “ 30.0 —
"“Pluronic” F-68-LF, “. 2.5 2.5
“Rodine" 115, 4 25 25

a Amchem Pioducts e iy teer] ey dor 1000 —1000
B Voyandotte Cherroraty Corr vt or pos <fered brade s
TABLE lil.
SUGGESTED WETTING AGENTS AND CORROSION INHIBITORS
FOR USE WITH SULFAMIC AND HYDROXYACETIC ACIDS

Wetting Agents (All Concentrations
2 Lb. Agent/100 Lb. Acid)"

“Pluronic™ F-68-LF Low foaming: non-ionic Solid
“"Merpol’ OE Low foaming: non-ionic Liquid
“Triton™™ X-100 Non-ionic Liquid
“Renex" 35 Non-ionic Solid

NOTE: Anionic wetting agents may be precipitated by certain inhibitors in acid solutions:
therefore, only the non-ionic type are listed here.

Inhibitors for Sulfamic Acid Concentration (Lb./100 Lb. Acid)
“Aldac’™ §7 2 Frowder

The following are particularly good for copper.

brass, 304 and 316 stainless steel:
“Rodine™ 115 1
“Rodine™ 140 i
{("Rodine” 140 is also effective on gal-
vanized steel)

Brown Powder

O whites Powden

“Ferrifloc™  Hydrated Ferric Sulfate ! O white - owder
(For stainless steel)
voThe e artr et IR R TS ST Ce ot e )
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After an analysis of well conditions is completed and
choice of chemicals is made, the f{ollowing pro-
cedures are recommended.

Under normal conditions, an acid concentration is
employed (calculated as 100% acid) in the range of
5 to 10 percent in the cleaning solution, based on
the volume of water determined from the static
water level in the well. It should be recognized that
in many instances, particularly where bacteria or
heavy scales are present, serious pluggage may be

present in the strata as well as in the pump screen
itself. In heavy bacteria situations, acid concantra-
tions as high as 20 percent, based on the static head,
may be required to give a b to 10 percent concentra-
tion several feet out into the surrounding strata.
Successful cleanings have been achieved using such
an approach.

Table IV is a quantity guide for 5 percent concen-
trations of either hydroxyacetic or sulfamic acid,
which are considered absolute minimum require-
ments. These figures may be factored to calculate

TABLE IV.
QUANTITY GUIDE — HYDROXYACETIC ACID AND SULFAMIC ACID
FOR CLEANING WATER WELLS

Diameter of

Well In to Add per Foot of Water to
Inches Give a 5% Solution
2 0.07
q 0.28
6 0.63
8 1.02
10 1.75
12 2.50
14 3.08
16 3.78
18 5.67
20 7.00
22 8.47
24 10.00
26 10.83
28 13.72
30 15.75

Pounds of Dry Sulfamic Acid

Gallons of Hydroxyacetic Acid
70%, to Add per Foot of Water
to Give a 5% Solution

0.010
0.040
0.090
0.160
0.241
0.361
0.491
0.641
0.811
1.000
1.210
1.440
1.690
1.960
2.250

Example: A 10-inch diameter well 126 feet deep with a static water level 30 feet below ';ha surface
would require: (126 — 30) x 0.241 = 23.1 gallons of hydroxyacetic acid 70% solution

technical.

Example: A 12-inch diameter well 100 feet deep with a static water !evel. 25 fget below the surface
would require: (100 — 25) x 2.5 — 187.5 pounds of dry sulfamic acid.

10

required amounts for higher dosages or usages of
mixtures.

A S T B T PO T A L S T

The most effective method of chemical introduction
is by separate pipe directly to the inside of the
screen area. Where this is not possible, chemicals
may be introduced througn the pump discharge line
or well casing, from the surface, using surging as
required to disperse the necessary quantity.

Delivery of chemicals directly to the screen area is
becoming an increasingly recognized necessity and
many new wells are constructed with facilities for
doing so. Where opportunities arise in cleaning or
repair of existing wells, consideration should be
given to adding such facilities to simplify subsequent

cleaning operations. Introduction of chemicals back
through the well casing or pump suction of old wells
may result in poor delivery of chemicals to proper
areas, with subsequent mediocre cleaning success.

After adding the acid, use a surge-block, or back-
flush the well with water from another source in
order to facilitate mixing and to achieve penetration
into the well formation.

Acid treating times should range from a minimum of
24 hours to 48 hours total contact. By starting and
stopping the pump, surge the column of water to the

top of the well every 3 or 4 hours or oftener to help
dislodge scale. Where heavy scale deposits are en-
countered, effluent acidity should be checked peri-
odically by either pH measurement or titrating to in-
sure sufficiency of acid to complete the cleaning job.
If pH is above 2, or total acidity below 0.1, repeat
treating is indicated and additional cleaning agent
should be added.

Sequential treatment may sometimes be required to
first remove substrate scale (HCI or sulfamic acid),
followed by hydroxyacetic acid for effective bacteria
control. A condition of very high scale and Gallio-
nella count could be such a case.

Pump the water to waste, slowly at first and then at
about 25 percent of full flow. At 15-t0-30 minute inter-
vals, stop the pump long enough to allow the well to
regain its static level; this procedure aids in keeping
any solid matter suspended.

Continue pumping to waste until the pH of the water
is within 0.5 pH unit of the original value before treat-
ment. A commercial pH meter, such as Beckman
Model G or equivalent may be used. These values are
usually achieved within 1 to 3 hours after starting the
flushing operation.
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Diameter of Pounds of Dry Sulfamic Acid
Well In to Add per Foot of Water to
inches Give a 5% Solution

2 0.07

4 0.28
6 0.63

8 1.02
10 1.75
12 2.50
14 3.08
16 3.78
18 5.67
20 7.00
22 8.47
24 10.00
26 10.83
28 13.72
30 15.75
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present an the ctrata as well as in th: pump screen
et I heavy bactena situations, acid concentra-
tronsce hugiy as 240 percent. based on the static head,
may be reqguited to give a9 to 10 percent concentra-
tion several feet oqat into the surrournding  strata.
Successful cleanmngs have been achieved using such

art apptoach

Tabic IV is a quantity quide for b percent concen-
tratans of either hydroxyacetic or sulfamic acid.
which e considered  ebsotute minimum require-

ments. These higures may be factored to calculate

TABLE V.

QUANTITY GUIDE — HYDROXYACETIC ACID AND SULFAMIC ACID
FOR CLEANING WATER WELLS

Gallons of Hydroxyacetic Acid
70% to Add per Foot of Water
to Give a 5% Solution

0.010
0.040
0.080
0.160
0.241
0.361
0.491
0.641
0.811
1.000
1.210
1.440
1.690
1.960
2.250

Example: A 10-inch diameter well 126 feet deep with a slatic waler level 30 feet below the surface
would require: (126 --30) x 0.241 — 23.1 gallons of hydroxyacetic acid 70% solution

Example;

technical.

A 12-inch diameter well 100 feet deep with a static water level 25 {feet below the surface

would require: (100

20) x 25

187.5 pounds of dry sulfamic acid.
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ADDITIONAL "
suegea'noms

POt oW U oON PERFORMANITF

Accurate records on specific capacity and occasional
analysis for bacteria should be maintained to insure
adequate measurement of cleaning performance and
retained well efficiency. Some authorities suggest
that cleaning should be instigated or repeated no
later than when specific capacily has dropped to 75
percent of original performance, followed by routine
ciranings at least once per year.

SEEDING G WLl AND T it o1

One danger exists which is recognized by those who
drill wells, but is frequently overlocked by those who
only occasionally clean them. This problem is re-
ferred to as “bacteriological seeding of wells” and
occurs by contamination of previously clean water
tables from tools and other equipment used in drill-
ing or cleaning operations.

Where hydroxyacetic acid has not been employed as
the cleaning agent, recommended practice is to treat
the well with calcium hypochlorite at a rate of 1 or 2
pounds per 100 gallons of water at static level in
the weli, surging as required to adequately effect
dispersion.

STORAGE
AND -

HANDLING B

Du Pont hydroxyacetic acid 70% solution is available
in bulk in lined tank cars and tank trucks and in lined
55-gallon drums. It freezes at 50°F and should be
protected from cold weather. lf frozen, it can be
thawed out and used following thorough mixing.

Du Pont sulfamic acid is available in two forms—Sul-
famic Acid Crystal Technical (crystalline, 99% pure)
and Sulfamic Acid Granular Technical (granular, 93%
pure). Although either form may be used, the granu-
lar form is recommended due to its more free flowing
and slightly faster solubility rate. The granular prod-
uct is available in 400-pound drums and the crystal
product in 50-pound bags.

12

PIYDROXYACE THC ACID

Avoid contact with skin, eyes and clothing because
this product may cause burns. In case of contact,
immediately flush skin or eyes with plenty of water for
at least 15 minutes; for eyes, get medical attention.

A ol
Do not get in eyes because this acid may cause eye

injury. Avoid breathing dust and avoid contact with

skin and clothing; sulfamic acid may cause irritation
of the nose, throat and skin.

In case of contact, flush skin with water; for eyes,

flush with plenty of water for 15 minutes and get medi-

cal attention.

When handling either sulfamic acid or hydroxyacetic
acid, exposure can be minimized by wearing both
goggles and rubber gloves.

—

. "What's Your Water-Injection Problem?”, Stan Shryock
and John Knox, The Oil and Gas Journal. Jan. 4, 1965.

2. "Don't Underestimate Role of Aerobic Bacteria,” Gerald
A. Trantenberg. The Qil and Gas Journal, Jaa. 4, 1965.

3. "The Chemistry of Water Well Dovelopment,” Frank E
Clarke. Industrial Water Engineering, Sept. 1966.

4. “lron Bacteria—A New Problem.” Grey Culberson, Water

Well Journal, Aug. 1963.

o

“Bacter:a in Flood Water,” ] M. Sharpley. The Petroleum
Engineer, Feb. 1961.

6. “"New Concepts for Iron Bacternia Control in Water Wells,”
R. G. Lutby. Water Well lournal. Maich 1964

7 "Acidizing the hrngation Well,” Dwayne Konrad. Bulletin
FS-290. South Dakota State University, Cooperative Ex-
tension Service, United States Departmgnt of Agriculture

8. "Operating and Mamtaiming Irmgation Wells," Fred
Scl ner. Bulletin FS-195. South Dakota State University,
Cooperative Extension Service, United States Depart-
ment of Agriculture
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INTRODUCTION

Hydroxyacetic acid or, as it is sometimes called,
glycalic acid, is the first member of the series of
alpha hydroxy carboxylic acids. It occurs naturally
as the chief acidic constituent of sugar cane juice
and also occurs in beet juice and unripe grapes.

The pure acid exists as colorless crystals which are
readily soluble in water. Hydroxyacetic acid is non-
volatile and cannot be distilled even under reduced
pressures. When heated it readily loses water by
self esterification to form polyhydroxyacetic acid
(polyglycolide).

The acid of commerce is a 70%, technical aqueous
solution. This solution contains 70% total acid as
hydroxyacetic. It contains at least 62.49 free acid.
The remaining acidity exists as the polyglycolide
which becomes free acid on dilution or neutrali-
zation.

Because hydroxyacetic acid is multifunctional and
can function as both an acid and alcobol, its reac-
tions are many and its uses are varied. Hydroxy-
acetic acid finags industrial applications in cleaning,
complexing, dyeing, electroplating and as a chem-
ical intermediate.
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Since aqueous solutions of hydroxyacetic acid con-
tain in addition to the free acid, soluble polyacids,
the relative concentration of free acid and polymers
is a function of the total concentration of the solu-
tion. The equilibrium between free acid and poly-
acids is established very readily when the solutions
are heated. The total acidity of a solution of hydroxy-
acetic acid even at high concentrations is all ulti-
mately available as free acid because of the ease
with which the polyacids are hydrolyzed.

In neutralization reactions, the hydrolysis of the
polyacids is greatly accelerated by the presence of
alkali. In operations involving the acidification of a
solution or adjustment of pH, the final solution is
usually so dilute that the polyacids are completely
hydrolyzed.

Thus, in nearly all cases it is possible to ignore the
fact that part of the hydroxyacetic acid in the 70%
solution is present in the form of polyacids, and the
solution can be used as if it contained 70% free
hydroxyacetic acid. Table | lists the free acid con-
tent of various equilibrium solutions of hydroxy-
acetic acid as well as their melting points.

Bactericidal effects—The bactericidal activity of
strong mineral acid 1s generaliy agreed to be due to
the hydrogen ions present and therefore is measur-
able by pH. With organic acids however, this is not
always true. Reid?”" has shown that hydroxyacetic
acid exhibits bactericidal activity far above that
which would be expected due only to the pH of its
solutions. Recent studies have shown hydroxy-
acetic acid to exhibit bactericidal effect on a number
of organisms including Mycobacterium phlai, Myco-
bacterium smegmalis, Desulfovibrio desulfuricans,
and Gallionella ferruginea.

Solubility—The 709% solution is miscible in all
proportions with water and water-soluble organic
solvents such as methanol, ethanol, acetic acid.
acetone, dioxane, etc. It is immiscibie with hydro-
carbon, ether, ester, and higher ketone solvents.

See Figures 1, 2 and 3 and Tables |, Il and I for
additional properties.

Adl relerenc pg ace histed un page 4

Physical Properties

Condnctivity (at infirute dilution) 3317 9 mhos

Dissociation constant at 24 15x10*

166.6 Kg cal/mul

Heat of combustion

Heat of solution 11 55 kilojoules/maol

pHat 25°C _ 0.5
Melting point 10 C(R0't)
Density, 60 F 1.27 gfec
100 F 1.25 g/cc
140 F 1.24 g/cc

Temperature of the refluang hiquid 112 C(234°H)

Coefficient of thermal expansion
{60 -140°F) 0 00026/t

Viscosity at 60 F 11.28 centipoises

Viscosity at 110°F 3.49 centipoises

106 |

Pounds per gallon at 60°F

Average Analysis

total acid as hydroxyacetic 71.37,
he;a;IU dSTy(;J;;dCOFI(f” - n o 7764.0‘?’[,
Ctormwcacd  goom
]\;h— T T 0077,
Su;pend(-d r;c_m('r by V{iylrc.;;ne B - Li 0004’:,

Color, Gardner 4

TABLE |

Properties of Equilibrium Solutions of Hydroxyacetic Acid

v Total Acid as % bree Acud as Rletting

Hydraayacetie Hydroxyacetic at 25 C Point,
00 00 O
130 [EURY] J
JU 0 194 g
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TABLE |l HYyDROXYACETIC ACID CORROSION DATA
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Fempe. ature

Letal Type tloncentration ] inhiintor
10020 Steel O /1 Rodmne 42
1020 Steet b 71 Rodine 115
: 1020 Steet 1o, 66 None
1020 Stee! 30, 66 None
1020 Steel 70, bb None
! 1021 Steel 274 10 formc q> 0.06%; Rodine 82A
| 1021 Steel 200+ 19 formic 93 0.06%, Rodine G2A
' 1020 Steel Hel. 4+ 5% aitree 100G 0.0, Rodine 92
% + NH.OH ta pH 4
| 1020 Steed 5, 4+ 5%, aitne 100 0.057% Rodine 92
| + NH,OH to pH 4
-+ 500 ppm Fe
1020 Steel 2, -4 5L atnic 100 0.05% Rodine 92
+ NH.,OH to pH 4
<+ 5000 ppm te - -
1020 Steel {107, Diammonium Citrate) 100 0.059%, Rodine 92
1020 Steel {107, Dlammomum Citrate 100 0.059%, Rodine 92
<+ 500 ppm Fe - - +)
1020 Steel (107, Drammonum Citrate 100 0.05%, Rodine 12
+ 5000 ppmFe - - )
304 55 700, 100 None
| 304 58 700, 100 500 ppm Fe
‘ 304 sS oy /1 None
i 304 58 270+ 17 farmic 93 0.069% Rodine B2A
304 SS 29+ 19, formic 43 0.06Y; Rodine 92A
| 304 S5 S5, -+ B9, citric 100 0 059, Rodine 92
| -+ NH.,OH to pH 4
| 304 S5 5¢., 4+ 59, citric 100 0.059, Rodine 92
+ NH.OH to pH 4
<+ 500 ppm te - - -
i 04 58 57, 4 5% citnic 100 0.057, ReJdine 92
i + NH.OH to pH 4
: + 5000 ppm Fe
! 316 5SS 707, 100 None
! 31685 70, 100 500 ppm Fe
i 116 58 e, /1 None
316 5% 2,4 1¢. formic 94 0067, Rodine B2A
31658 20+ 17, formue 93 0.067, Rodine Y42A
3l S8 a4 5 citne 100 0 057, Kadine 372
+ NH,OH to pH 4
316, 85 5, 4 5% citric 100 UDO5, Rodhine 42
4+ NH,OH to pH 4
+ 500 ppm Fe - - -
316 5% 5%, + 5% citric 100 RO, Rodine 12
+ NH,OH o pH 4
-+ 5000 ppm te -
430 SS 707, 11 None-
430 SS 707, 110]8] TR BT
430 55 10w, 100 None
G40 5% 107, 1{}{) JHUD ppm be

Rate
(Inches/Yr.)

0.0364
0.0437
0.1650
0.1410
0.2170
0.0268
0.16%6
0.339

0.522

0.376
0913

2.72

0.2140
<0.001
0.00011
0.0027
0.0178
0.00015

0.00010

0.00012

0 0800
< 0.001
0.0001%
0.0009
0.0009
000009

0 00078

0 0U0 44

H 240
<000t
249851
BEVEI ]

Metal Type
446 S5
446 SS
446 55
446 SS

Monel
Monel
Monel
Manel
Monel
Monel
Monel
Monei

Nickel
Nickel
Nickel
Nickel
Nickel
Nickel
Nickel
Nickel

Inconel
Inconel
Inconel
Inconeij
Inconel
Inconel
Inconel
Inconel

Zircalloy
11
11 (welded)

32
12 (webhded)

32
32 (welde:d)

Zwrcalloy
11
11 (welded)
a2
32 (welded)

fucalloy
11
1T (weldedd

16 Cr. 17 mn, 1
i6C, 17 mn, 1

A G, Magnesium

70%
707,
107%

10%,

2.3%
2.3%
11.3%,
11.3%
5649,
56.4%
707,
709%

1,

&

L b
&

2.
2.
11.3%
11.3%
56.1%
56.19
707%

70%

2.3%
2.37
11.34%,
11.3%
h6.17,
56.17,
707,
/0%,

20,
207,
VO 4 107, aine
107, 4 10", atnc
207,
20,

LD
PV
207,
207

10004+ 107, oitnie
107, 4 107 atne

107,
10,

0,

Concentration

[ XX R R X J
- L ]
-

30
100
30
100
30
100
30
100

30
100
30
100
30
100
30
100

100
100

100
100

100
100

100
100
100
100

i
100

Jeity
100

Temperature
(C)

Intibitor

Nane
250 ppmte
None
250 ppm te

None
None
None
None
None
None
None
None

None
None
None
None
None
None
None
None

None
None
None
None
None
None
None
Nrna

O 0%, Rodite 92
0.057, Kodine 97

057, Rodine 92
0057, Rodine 4.7

O 05 Radine Y.
0.057, Rodine 92

ftotie
None
None
None

O 08, Rodane w42
0.5, Rodime 4!

Nore
250 ppm

None

(inches:¥r.)

Rate

5.628
< 0.001

0.6610
< 0.001

0.0130
0 0002
0.0190
0.0008
0 0004
0.0055
<. 0.0001
0.0063

0.0180
0.0025
0.0150
0.0071
0.0003
0.0076
0.0002
0.0080

0.0040
0.0032
0.0140
0.0046
< 0.0001
0.0110
< 0.0001
00190

0.00020
0.00011

0.00019
0 00021
0.00023
0 00018

000019
0.00004
0 0uG23
000031

RISV e
O 0000+

U 0rad
<00

10 50



FREE ACIDLY/S. TOTAL AGID IN EQUILIBRIUM e et
FIGURE 1 SoLUTIONS OF HYDEOXYACETIC AGID (Temp. 25 G) SRS L L I
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MELTING POINTS OF EQUILIBRIUM ¢ )
F 'GURE _2 SOLUTIONS OF HYDROXYACETIC ACID IN WATER FIGURE 3 H-CONCENTRATION CURVES (remp. 25 o)
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A very large number of salts of hydroxyacetic acid
have been described in the literature. As a relatively
strong organic acid, hydroxyacetic forms stable,
slightly hydrolyzed salts, which may be prepared
directly by the action of the acid on a metal or
metal oxide or hydroxide, or by double decomposi-
tion. The alkali and ammonium salts are all hygro-
scopic and exist as neutral and acid salts, anhy-
drous and bound with various amounts of water of
crystallization.

The following sodium salts are typical:

C;H,0,NaC,H,0,
(C2H,0,Na); s H,0
C.H,0.NasH,0
C;H,0,Nas2H,0
Many double salts have also been reported such as:
CIHRC,H, 0,
K(Zt(CyH;05),+3H,0

ClCBC;HaOJ

Polyva lentmetals formcomplexhydroxyacetate salts !

in which both the carboxylic and the alf‘ohohci

hydroxy! groups are involved. General examples of

salts of this nature are:

|
C
o :\‘:‘c/‘\o _H
H H
\0 /
o)
/// M / \C_H
0 e / 'L

Inner complex salts of bismuth, antimony, and
arsenic have been described in the literature in
which the tervalent or quinquavalent metal is found
in the complex organic anion.}

Such complexes of chromium have been found to
be excellent tanning agents. An illustration of the
equilibrium that possibly exists in an aqueous solu-
tion is represented by the following structures:’8

H—0 0-—H
I I _
H—C—H H-C—H H H
I \ I | H,C-0 O—CH;
0O C-0 »Cr<« O—C © L4 !
FARN |0 C—0 »Crx 0-C ©
| _ /\ |

»

g

gt |

The ability of hydroxyacetic acid to form complexes
of this type provides the basis for numerous appli-
cations where inexpensive hydroxyacetic acid can
substitute for the conventional, more expensive
complexing agents. An index of stability constants
can be seen in Stability Constants of Metal-lon Com-
plexes, L. G. Sillen and A. E. Martell, The Chemical
Society, Burlington House.”

A number of metal salts have been studied to deter-
mine the degree to which hydroxyacetic acid will
delay or eliminate precipitation. Duplicate 0.01
Molar aqueous solutions of the salts were prepared
over a range of pH values. The pH range at which
precipitation occurred at room temperature was
noted. Identical solutions of each salt were observed
in the same manner after the addition of enough
hydroxyacetic acid (HOAc) to provide four and ten

moles of acid for each mole of salt present. Stability |

constants for most of these complexes have been
determined.”

When greater complexing strength is required than

is afforded by hyaroxyacetic acid alone., mixtures

of hydroxyacetic acid with other recognized com-

plexing hydroxy acids frequently provide an eco- -
nomical substitute. This is provided Ly a syner- -
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TABLE I}t

The Complexing Ability of Hydroxyacetic Acid
for Selecied Maetal lons

Melal Salia

Sclutions pH Range in WEur.h lhe '\ﬂetal Hydroxides Precipitate

MQIB§ Acid/Mole of Salt 4 Moles of Acid/Mole of Salt
No HJAg HOAC No HOAc HO} Ac

AghQ, 1-8 7-9

NiCl, 2.9 8-9

CoCl; 1-8 859 7-8 285

CuCl,; 5-55 19 555 6-7

FeSO, 4-6 78 46 b-7

FeCly 3 10-1 3 i-5

MnSO, 56 8-11 56 5-6

CaCl,® 7R 995 18 19

SiCl; 10-11 no ppt-Xs NaOH

Ph{C;H,0;); 6-7 6.5-7¢

MgCl, 9-10 10-11

AlCi, 6-7 5 10¢ 61 6-7

Al(NO;), 8-7 g.10¢ b-1 67

CrCly 9-7 6-7

Nole that the condittons of evaluation in Table 11l are severe for com-

plexing agents. In practical applications complexing agents are seldom

used for metal 1on concentrations much higher than 25 50 ppm.

n the case of calcium chlonde selution, calcium carbonate precipitates
because sodium carbonate has been added.

tThe precipitate redissolves above pH —~ 11.0.

gistic effect between the acids. Such effects have
been noted for certain metal ions when mixtures of

hydroxyacetic acid and citric or gluconic acids are
used.
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REDUCTION

HOCH COOH 4+ H SO, + Zn » CH COO 4 Z050 .4 H O

OXIDATION

1. In the presence of ferrous salts, hydroxyacetic
acid is converted to glyoxylic acid by hydrogen
peroxide.i®

;c..

HOCH. COOH 4 H O, —3 0HL COOH +~ 2H. 0

2. In the presence of ferric salts hydroxyacetic acid
in neutral solution is converted by hydrogen per-
oxide to oxalic acid. formic acid. and CO,.%.¢

Fer
- >
HOOCCOOH + HCOOH + CO, + 6H,0

JHOCH,CO0OH + 4H, |

DEHYDRATION

The following compounds have been prepared from

hydroxyacetic acid by heating.”7 !/

HIOLH, GO

0 Lhytoie acid
I
FIOOH GO attyydote e 102 ¢
HOMC He A
i (i d gt i ag 148 mp 1ds o
bic O3 po i
SIREE
/s
[ ) [Jl,"l,th'* NIGN|
to 0 it by bt g /8

(UL R I L LA SO R X I Y F PR TIPS I

I‘,ll!r;l, AR EIHE gy l"!"- | 41}t

CH,CO

7 \

O 0 Giycohde mp 86-87 C
“COCH,

(CH. O Polyplycohde mp 223 C

FORMATION OF ESTERS

1. Alkyl esters of hydroxyacetic acid may be ob-
tained by direct esterification of the free acid, by
alcoholysis of the methyl ester, or by the reaction of
polyhydroxyacetic acid with alcohols:

a. HOCH,COOH + ROH »HOCH,COOR + H.,O
. HOCH,COOCH. + ROH » HOCH,COOR + CH,OH

c. H{OCH COMOH 4+ n-ROB » n HOCH.COOR + H.0

Reaction {a) 1s generally carried out in the presence
of an acidic catalyst such as sulfuric acid, hydro-
chloric acid, p-toluenesulfonic acid, etc. Reaction
(b) is carried out in the presence of basic catalysts
such as sodium methylate, potassium carbonate,
litharge, etc. Reaction (c) has been used (o prepare
the esters of high boiling alcohols.

2. Esters of the hydroxyl group are readily pre-
pared by the action of an actd chloride on hydroxy-
acetic acid.

MO HL GO0 ¢ 0 10 ol ] O HOCOODOH GO+ R

Thowe hydroxy acetylated esters of hydroxyacetic
acid behave as ordinary acids readily formung the

&

i

acid chloride, amides., and esters. Reaction of acety! |

glycolyl chloride with sodiomalonic ester gives:!®

CH,COOCH, COCT + NaCH(COOLL), -
QH
£~ o,
LtOOC 'C\ + NaCl + CH.COOH + EtOH

CO—-0

3. Completely esterified hydroxyacetic acid deriva-
tives may be prepared in one step by refluxing
hydroxyacetic acid with an ester in the presence of
an acid catalyst. An ester interchange followed by
straight esterification takes place. Ethyl acetyl hy-
droxyacetate can thus be prepared in the following
manner ;14

HOCH,COOH + CH.COUC,H » CH,COOCH,;COOC,H. + H,0

4. Cellulose reacts with polyglycolide to form cellu-
lose hydroxyacetate. Polyvinyl alcohol reacts in a
similar manner. Esters of hydroxyacetic acid with
inorganic acids are also readily prepared. Examples
are the nitrate O,NOCH,COOH, from nitric and
sulfuric acids, the orthosilicate, Si(OCH,COOH),.
from silicon tetrachloride, and bromoacetic acid
from aqueous HBr. Ch iracetic acid is readily pre-
pared from the polyacid and hydrochioric acid.i*

5. Anhydrocarboxy hydroxyacetic acid can be pre-
pared by treatment of hydroxyacetic acid with
phosgene.--

JHOH

OCCH ¢ HOUH, COOH »UH, (O 4

O

vl {70)

6. Phosgene reacts with hydroxyacetate esters to
yield the carbonates.-1

SHOUR COOR F Ceeh p RO O, 0 o ifaniods ¢ e
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7. Under other conditions the chloroformate of
hydroxyacetic ester may be formed, and from this
the carbamate and other derivatives. For example
with the ethyl ester:-~

HOL H,CO0C H- 4 COCI, » CICOOUH COGEH 4 O

CICOOCH,COOC.H- + ZNH. » NH COUUH COOC, H- + NH, U

8. Ethyl chiorocarbonate reacts with hydroxyacetic
acid (or ester) to yield the corresponding hydroxy-
acetic acid ethyl carbonate, the anilide of which |
rearranges on saponification to give the phenyl
urethane. =

HOCH,COOH + CICOOC, H. »C,H ODCULH, COOH + HCI
C.H.QOCOCH,COOH + SQCL » C H OOCOCH COCI + HUI
C.H.OOCOCH COUL 4 C.H.NH, »( H CCUOUH CONHU o+ (Y
C.H OOCOCH CONHU.H 4 NaOH »

CoH NHCOOCH CCONa + L F -

9. Related somewhat are the reactions with urea
and 1socyanates. Hydroxyacetic ester reacts with
urea to form the diacyl ureide.<’

JHOCH COUK 4+ NH CONH, » (HOUH CONHY.CO 4+ PROH

10. Phenylisocyanate will add to the hydroxyl group
of hydroxyacetic ester and the resulting phenyl

urethane is capable of sapomtication and ring
closure.-”/

HOCH COOR b L NCO e O HC oGP

U NEEC 03000 3 0 Ty iy et B Te b G B T e .
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1. Hydroxvacetic acid readily forms the xanthate.

HOCH,COOH + CS. + 2rUH »hSCSOCH,CO0K + 2H.0

The ethyl xanthate may be formed from this salt
after neutralization and the resulting ester treated
with ammonia to give the thiocarbamate of hy-
droxyacetic acid.-®

RSCSOCH.COOK + C.H Br »C,H . SCSOCH,COOK + KBr

C.H.SCSOCH COOK + 2NH  » HN,CSOCH,COONH, + (,H.5H

2. Upon heating, thiocarbamyl hydroxyacetic acid
is converted into the thiolactam.?”

Cs—-0

NH,CSOCH,COOH »HN !

\CO- CH,

+ H,0

CESCTION UUTH ALDESYLE - AND
Eratih o rofar o e

1. With formaldehyde the formal is formed.*

LCH,—CO
HOCH,COOH + HCHO » 0O + H,0
CH;—0O

2. With acetone the cyclic ketal is formed.*

HC-CO
HOCH, COOH + (CH).CO » 20 + H.O
0-C-CH,
CH.

3. Chtoral reacted with hydroxyacetic gives the
chloralide.*s

CH,—- 0O
CHOCCI, + HOCH;COOH » '
co -0

CHCCI; + H,0

4. With glyoxal the following product is formed.*

CH,—0
2HOCH,COOH + QCHCHO » '
CO -0

e O
_CHCH !
0—CO0

+ 2H,;0

These mixed acetals are very reactive and are
readily hydrolyzed by water.

5. With hydroxyacetamide, acetone will condense
in the presence of HCI to give 2-dimethyl, 4 keto-
oxazole.®
CH: /O_CH3
HOCH,CONH, + (CH),.CO »  C 1
CH; N CO

+ H;O

ALACHON T ARMONTA AND ATING L

1. Hydroxyacetamide may be readily prepared by
the action of ammonia on the polyacid or by treat-

ing an ester of hydroxyacetic with aqueous ammon.
ium hydroxide.

2. Substituted amides are readily prepared by the
action of amines on hydroxyacetic acid.-*

OO
4+ HOLH,COUH »
NH. ,COOH

| :

|
i
|

- NHCOCH, OH

3. The same reaction with o-phenylenediamine wiil

take place followed by a secondary ring closing
condensation between the carboxyl and the free
amino group.¥ 8

~72 . NH,

!
i + HOCH,COOH »

-~ 'NH, 0"

) L CH U+ JHU

TUHLCELLANT OUS REACTION'

1. Reaction of acetylene with hydroxyacetate esters
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with BF3 or He catalyst gives acetals,

b OCH,COGH
HC =0 H + CJHOGH COUR O C
Ot Lol

2. Reaction of acetylene with the anhydrous acid
using mercury catalyst will provide 2-methyl-4-
keto-1,3 dioxane.*"

HC=CH + HOCH.COOH »CO—0
: CH- CH.
H,C--0

3. Dialdehydes can be ;ormed from the basic
sodium salt of hydroxyacetic acid and chloroacetal.*:

QC.H.
JUNCH,CH + NaOCH, COuUNg »
OC.H
(CHO o, M
CHOUH OUH Ol OH vt
. HO uitH
oM Gl H
CHOH OCH COOLH CH 4+ HOE »
CHuO GeoH
H h
QO CCHOCHCOQOOH ¢ 0 ¢ g by o
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ESTABLISHED USES

Adhesives—The ability of hydroxyacetic acid to |

react with casein to form cationic caseinhydroxy-
acetates finds use in manufacture of certain ad-
hesives and textile sizing compounds.*~ /-3~

Copper Brightening—Hydroxyacetic acid is em-
ployed in a bith to give a lustre to copper and

copper alloys following the normal pickling opera- |

tion. This lustre is retained much longer than when
strong oxidizing acids are used alone.**

Desirable copper utensil polishes are also formu-
lated using hydroxyacetic acid as the main acid
ingredient.

Dairy Cleaning—Numerous properties of hydroxy-
acetic acid contribute to its excellence in function.
Ing as an acid cleaner in removing milkstone de-
posits from dairy equipment. It dissolves and
complexes hard water scale much faster than
phosphoric acid. It is superior in its reaction with,
and removal of, ciasein. Hydroxyacetic acid also
exhibits definite bactericidal properties, particu-
larly against strains of bovine tuberculosis in or on
dairy equipment. It 1s useful in pH adjustment of
iodine sanitizers because of the buffering strength
of it salts. ¥’

Decontamination Cleaning—An increasing need
exists for etficient means of removing radioactive
waste products from reactor loops, power equip-
ment and process equipment. Hydroxyacetic acid
fills many of the requirements of these needs.

It 1= free of metallic ions and is essentially chloride
free. thus does not contribute to chloride stress
corrosion when used on stainless «teel. Hydroxy-
acetic acid forms complexes with the metals en-
counterad In the residues to be removed. These
compleves are soluble but are not 4s tightly bound
as those forrned by most recognized complexing
agents.

Ammonilated hydroxyacetic acid and mixtures of
hydroxyacetic acid and citric acid ammoniated to
pH 4.0 show excellent dissolution for the oxides
and other salts requiring removal. Hydroxyacetic
acid ammoniated to pH 4 gives negligible caorrosion
to stainless steel, zircalloy and other resistant
metals. Ammoniated mixtures of hydroxyacetic
acid and citric acid show less corrosion on mild
steel than diammonium citrate. The rates are still
rather high.

Dyeing—Hydroxyacetic acid has been used exten-
sively in dyeing. It has the advantage of having a
mild odor, of being non-volatile and therefore is
not lost from dyeing baths at elevated tempera-
tures. It also provides good exhaust and fre-
quently brighter colors. The complexing ability of
hydroxyacetic acid is of benefit in complexing metal
jons present in the bath water, rinse, etc. Hydroxy-
acetic acid is most frequently used in wool dyeing.
It can be recommended for the dyeing of chrome
colors but is not recommended for colors which are
easily reduced. Hydroxyacetic acid is a good sub-
stitute for cream of tartar in mordanting wool with
chrome where it combines good exhaustion with
good reduction.>'

Electroplating—Numerous applications of hydroxy-
acetic acid are made in the electroplating industry.
The sodium and potassium salts of the acid are
excellent substitutes for Rochelle salts used as
bath additives.

Inasmuch as hydroxyacetic acid forms complexes
Ath virtually all multivalent metals. its salts form
many baths suitable for electroplating.”® Excellent
plates can be obtaned from the chrome, lead,
cobalt, tin and mickel saits.

tlectroless plating of nickel makes use of hydroxy-
acetic acid as its sodium salt. The technical 70%,
product is free of interfering met.dl 1ons and sulfur
compounds, 4

o

-

Electropolishing-Electropolishing of stamlecs steel
utifizes hydroxyacetic acid 1n combination with
either phosphoric or sulfuric acids. The mixture
provides a bath with long hfe and excellent sludging
characteristics.

Etching—Hydroxy.cetic acid 15 utihized 1 the etch
ing of lithograph plates. It 1 also useful in preven-
tion of unwanted precipitates by formung many
soluble metallic complexes i both alkaline and
acid environments. It has value in chemical milling
and many cleaning formulations.

Masonry Cleaning—Mixtures of hydroxyaceuc acid
and phosphoric acid are finding use as a masonry
cleaner, both in the manufoecture of bricks and in
the cleaning of freshly laid brick and tile. Certam
clays used 1in making white bricks contain traces of
metals which migrate to the surface during firing
causing staining. Hydroxyacetic acid 1s particularly
etfective in removing these stains due to its com-
plexing abihty for metals.

Metal Pickling—Hydroxyacetic acid has replaced
volatile organic acids in certain pickling operations.
The nonvolatiie characteristic prevents losses due
to elevated temperatures and roduces the ventila

~tion regquirements. In general it can usually be used
to replace any organic acid i pn kling tormuiations,

Paper Felt Cleaning-—-Because of aluminun cony
plexang strength as well as hard water salt dis
<olitron ahihty, hydroayacebic acid should be valu-
e conditionimg paper fells. 10 s non mpuriou-
to the wouol and nyton used 1o constraction ot poper

feelte,

Petroleum Emulsion Breaking: Numeroo- dero

Chives of hydroxy soetic aad esters e atihood o

recolaee ot water emulaons, Numerous protent-
hove Leen aaued covertg the production of these

dere, gbeer o
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Petroleum Lubricating Qil -Liodified  Libre ants
containming additives formulated from hydroxyacetic
actd and polyhydric slcohols impart desirable ex-

- treme pressure lubncation properties; - Hydroxy-

acetic acid has alo been used to remove metallic
impurities from fats and oils by extraction with an
aqueous solution of the acid to form soluble metal
lic complexes which are then remosed by decan-
tation.” 7

Stainless Steel Boiler and Process Equipment
Cleaning—The absence of chlonde 1on gives as-
surance of freedom from damage due {o chloride
stress corroston. Calcium carbondate, mill scale and
magnetic iron oxide atl can be removed at no sacri-
fice 1n speed or cost by hydroxyacetic acid or
nuxture of hydroxyscetic and formiuc acid. The
mixture (two percent hydroxyacetic acid. one per-
cent fornue acid) has been developed poarticularly
for cleanmng high pressure stamless steel steam
genetators.”  This muxture  offers the following
advantages: (1) effective removal of operational
and preoperatiorat Jdeposits, (2) freedom from

' organic iron precip, tion, (3) no chiondes, (4) low

corrosion, (7)) economy and (6) volatile decompos:-
tron products,

The ron s ts resulfing from these muxed ods oy
hibnt hreher sofubrhity and less tendency to precipt-
tate thon when erther of these acrd s are dsed singly.
This perimits fooger contact time and muore deposit
removal with lesseited doanger of phagome due to
precipitation,

The thermial ae ompoesition prodacts ot Bydrosy
webio ocid ot 40 C oand 3900 pea e Carbon
monastde formldenyde aod g trace of tormiee aond.
atl ot which osre vobatrle.

Cotrostan rabes of hydeos e ie ot o U onless
ctoed e very lo

Tannming In the tannw
sond s trevquently used to rephice maneral

By oy et
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where high quality leather is desired. It 1s used in
the deliming operation, adjustment of pH during
tanning and during dyeing.

During the tanning operation, hydroxyacetic acid
serves a dual purpose. It is used to adjust the pH
of the vegetable tanning liquor and to prevent stain-
ing of the leather caused by the formation of highly
colored metal tannin salts. Salts of the acid are
used as masking agents. A new compound obtained -
by reaction of sodium dichromate with hydroxy-
acetic acid tris-hydroxyacetato chromiate is an
effective and rapid tanning agent. Similar com- -
pounds are formed with zirconium and titanium -

salts which give white tannages. Tanning agents . .
are also formed by hydroxyacetic acid condensa-

tions with products like tetrahydronaphthalene.’” 7t

Water Well Cleaning—Much of what has alieady .
been said concerning o1l well cleaning applies to
water well cleaning, too. Hydroxyacetic acid com-
pfexes and removes light iron and carbonate scales
while preventing reprecipitation when the acidity
is dissipated. Unlike the mineral acids. hydroxy-
acetic is very mildly corrosive to metals and will
not damage well metals. |

Hydroxyacetic acid controis the Gallionella iron
bacteria, which causes precipitation of iron oxide,
and inhibits regrowth of these bacteria. The use
of hydroxyacetic acid in well cleaning minimizes
the need for separate addition of complexing agents -
and bactericides. It can function efficiently to re-
place these different agents becaus< treatment
with hydroxyacetic acid performs all three functions
of cleaning, complexing iron, and bactenial control.
Hydroxyacetic acid, however, does not replace the
need for phosphate treatment used to aid clay re-
moval. It may also be used in admixture with other
acids, such as sulfamic acid.

AT AP Y B I PR S

Oil Well Acidification and Secondary Recovery-—
Hydroxyacetic acid exhibits complexing ability for

16,

iron af much below the cost of conventional chelat-
ing agents. In conpunction wath hydrochlonc acid
or sulfamic acid it prevents 1ron preciytition in
cleaning operations or 1 water flooding. Definite
bactericidal properties exist with this acid i addi-
tion to that attributed to pH alone, reducing prob
fems of metal deposition and corrosion due to bac-
terial action. Hydroxyacetic acid costs less than
other organic acids used in this type of treatment.

Vapor Cleaning--Vapor cleaning is a technique for
cleaning pipe lines by injection of acid solutions
into a steam jet blowing steam through the pipe.
Mill scale 1s removed by the dual function of the
acid attack coupled with the turbulence and velocity
associated with the stream flow. The corrosion rates
encountered when using hydroxyacetic acid are

. comparable to those of the other accepted acids

used in this type of cleaning. The speed of cleaning

or removing the mill scale is such that contact times
are at a minimum and corrosion of the base metalis ¢
. at a mimimum. Hydroxyacetic acid 70% technical

commercial solution requires only dilution {0 pre-
pare it for this type of cleaning and it serves as an

economical substitute for other acids now used '
conventlionally with no sacrifice in performance.

Metal Cleaners—Hydroxyacetic acid, exhibiting
complexing power and oxide solubility for many

metals, makes it a candidate for inclusion in metal

cleaning formulations. It will be of value in airplane,
train and truck body cleaning. It also should be
considered for missile component cleaning.
Hydroxyacetic acid 1s presently used in missile fuel
compartment cleaning.

Hard Water Scale—-Hydroxyacetic will effectively
remove hard water scale from all types of heat
exchange equipment. It should be considered for
pH adjustment of cooling waters to prevent scale
buildup.

e
i |
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Hydroxyacetic acid is corrosive to 1ron, nuld steel,
chrome steel, tin and aluminum. Lead is initially
attacked bul {orms a resistant film. Copper and
bronze are resistant in the absence nf air. Stainless
steel and silver (fine and sterling) are resistant
over a wide range of temperature and acid concer
trations.

Storage tanks constructed of 304 stainless steel
are recommended for storage at temperatures up
to 160°F, and 315 stainiess steel for temperatures
above 160°F. ""Heresite” hined mild steel or wooden
storage tanks can also be used at ambient tem-
peratures.

Because of the 10°C freezing point of hydroxyacetic
acid, bulk storage tanks in unheated locations
should be equipped with heating coils for thawing
in winter temperatures and pump lines arranged to
allow recycling through the tank for mixing. Drums
should be stored in heated warehouses.

Piping can consist of 304 or 316 type stainless
steel as well as neoprene. Piping in areas exposed

| to low temperatures should be steam traced or
' electrically heated.

A centrifugal pump is quite suitable for unloading
into storage and transfers, Pumps similar to Type
SSO (Alhs Chalmers, Nerwood, Ohio), are recom-
mended for use with hydroxyacetic acid.

HANDLING PRECAUTIONS

Hydroxyacetic acid is a fairly strong organic acid
and the concentrated 709 solution may cause :
burns. Contact of the acid with skin. eyes and cli.th-
ing should be avoided. Exposure can be minimized
by wearing chemical goggles and rubber gloves
when handling hydroxyacetic acid solutions. Addi
tional protective clothing. such as rubber pants,
and jacket, rubber safety shoes and rubber gaunt- .
lets may be desirable where probability of contact |
with hydroxyacetic acid solutions is high.

| In case of contact, immedistely flush skin or eyes
|‘ with plenty of water for at least 15 minutes; for
eyes, get medical attention, :
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Using the clasafications set forth by Hodge and
Sterner. Amenican Industrial Hygiene Association

sodium hydroxyacetate daily for periods up to 7
diys,

SKIN

CALCIUM CARBONATE

Quarterly 10:4.93. December 1943, hydroxyacetic Nc specitic skin absorption toxicity or local irritation

LT nu,;dnrﬂlt-l‘,f tooxic when mgested.The lethal i studies have been reported. but since hydroxy- .

aral dose of Hiydroxyascetic @cid, as the sodium salt. ! Cacetic acid 15 o fanly ctrong orgame acid, avoid e, - Juw o _ I ’
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symptoms o patients with muscular dystrophy : ! Hydroxyacelic acid 1s nonvolattle, but breathing of ¥ ‘: ;*.J:.:i‘.;-; :._-.-;g? N S 1 R ol et )

~ho recersed oral doses of 260 to 400 mg per kg of ! spray or mist should be avoided. i o TR Ty ' . X i
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