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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 capacity 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 lin~s 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 ~alts 

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. 

3 
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Well History 

Age of weil. depth, water table level. materials 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: 

Specific Capacity -

Flow Rate =-: 800 gpm 

Flow Rate 

Drawdown 

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

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

Drawdown -: 100-80 = 20 ft. 

Specific Capacity 

Water Analysis 

800 
20 

40 gpmift. drawdown 

Water analysis should iOlclude where possible, level 
of pH. alkalinity. Iron. manganese and certain bac­
tena. 

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

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

• • • • •• • • 

• • • • •• • • • • • • • • • • • • • •• • • • • • • • • ... 
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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 entitled 
"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 
wf!IIs utilizing water from either ri-ver gr~\!c: beds or 
01. 1 glacial fills. As an illustration of these two 
'>OU f!S of Gallionelh. the water from the alluvial ------ -- ,.-

yravel adjacent te> the Arkansas River and fresh 

• 

-

... .. 
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• • • • • • •• ... • • • ••• • • .. • • .. ••• 

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

Ififl TERIAL<, U} C OW' Ti~ULTI()N 

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 iiOll, galvanized steel or 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. Sulfale-reducing bacleri. in connale waler. The while 
cells are shown againsl " dark contrasling background. Sul­
lates .re reduced to hydrogen sulfide. 

• • • • • • • • 

• 

• • • • • • • • • • • • • • 

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

FIG. 3. Another species of iron bacleria, GaliionellB, excreles 
long, twisled slrands of iron oxide. The microorganism itsalf is 
rarely seen excepl by special cullural techniques. 
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Some ot the more commonly-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"·7-Removes carbonate scales and 
light iron scales effectively. w:lile minimizing corro­
sion to expensive equipment. (See Section 3.) 

H.T.H_-Calcium Hypochlorite 70"/o"·'-For water 
purification. Common household bleaches sometimes 
also are used. 

Inhibited Hydrochloric Acidl.:!·7-Removes heavy iron 
oxide, sulfide and carbonate scales. Care must be 

exercised to minimizf' corrosion of equipment and 
avoid precipitation of ferric hydroxide u~on dilution. 
To prevent the latter possibility, chelating agents 
are frequently used in conjunction with hydrochloric 
acid. 

Chelating Agents'-Tartaric 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-to-30 lb. per 100 gal. 
of water generally 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 anti-bacterial action--controls the ~allio­

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 che:.,ting 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. 

Sulfamic acid is a dry. white. qranular or crystalline 
acid. It is a strong inorganic acid. yet only mildly 
corrosive. 

Effective and ra,: id 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 sol~"ility in water-- up to 18'::, at 70"F. 

Dry, easy to handle--olle> 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. 

~ I _ , ! ( 

Many problem wells must be treated either with a 
mixture of acids, :n in sequence with different acids 
to remove pluggage effectively. Du Pont hydroxy­
acetic and sulfamic acids can be blenden to provide 
an effective cleaning agent for many conditions. In 
some instances. use of inhibiter hydrochloric acid I.:!,; 

will be de:sirable whore ospec;ally tough measures 
<Ire called for. 



8 

·.~_t: ( il(-)I~ ,,.I_I::·t j 11~Jr , 

Selection of ihe 'Y'>per agent or combination of 
agents. based C I, previously collected data and well 
history is the key to successful application. 

The following guidelines will be helpful in making 
this selection. 

1. Where light :rcr. scale and ilOn bacteria are pres­
ent. use hydroxyacetic acid. 

2. Where carbonate scale and iron bacteria are pres­
ent, use a mixture of hydroxyacetic acid and sulfamic 
acid. 

3. Where very heavy carbonate scale and iron bac­
teria are present. use a combination of hydroxyacetic 
acid with either sulfamic acid or hydrochloric acid. 

4. Where heavy iron and heavy carbonate scales are 
present and a dry acid descaler is preferred, use a 
mixture of sulfamic acid and sodium chloride. 

5. Where moderate iron and carbonate scales are 
present. use sulfamic acid alone. 

. I J I (~ I.! I i j 1;.' i ' ! I I I '.. I : ~ ): I 

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 I and II. 

At the lower temperatures encountered in well clean­
ing. the use of inhibitors for either sulfamic or hy­
droxyacetic acid usually is not necessary. However, 
occasionally in old wells the encrustation buildup 
can be so severe that the scale covering the pump 
parts may actually become part of the bearing sur­
faces. Consequently. following an effective acid 
cleaning. pump parts may no longer be tight filting. 

TABLE I. 
SUGGESTED LIQUID FORMULATIONS BASED ON 

DU PONT HYDROXYACETIC-SULFAMIC-HYDROCHLORIC ACIDS 

Problem 
A B C 

• Light-lo-moderate • Heavy iron scale • Heavy carbonate 
iron scale • Iron bacteria scale 

• Iron bacteria • Light-to-medium • Iron bacteria 

• Light carbonate carbonate scale • Medium iron scale 
scale 

Formulation 

Hydroxyacetic Acid 
(70% Tech), % 98 70 30 

Sulfamic Acid, % 10 

Inhibited Hydrochloric 
Acid, % 63 
"Merpol'" OE. % 2 2 2 
Water, % 18 5 

a_ Du Pont regISoI.,ed hildemillr~ for it, lurface .etiv. agenl. 100 100 100 

with a resulting decrease in pump ef~;l:io"cy. ifhis 
• ••• 1 

is not unlike boiler cleaning. wherein I~ak~ .rl'la~. ~e. 
velop in tubes following removal of scolo from bwly 
corroded areas. leading to the erroneous conclusion 
that the cleaning agent caused the cCfidition. For 
this reasor.. and as a matter of t.,tidiii~aI s~fet',: 
most formulators include inhibitors in tl;l'~lr mixtuH\.<, 
In any event, the decision on use of inhibitors should 
be contingent on the specific circumstances en­
countered. 

Use of wettingage~lts is considered good practice 
to improve cleaning performance; therefore, they 

: ' r'.~c, been included in tile suggested formulations. 
, .. , . 
, • • 1 

: M'l'nr welting agents and corrosion inl,ibitors are 
toxic in nature. Therefore, it is suggested that where 
t~<;y a~e used in cleaning formulations, State agen-

, ciC;~ l>'hquld be advised as to concentration and type 
being, 'used. In States where required, it is good 
p'racticc'to have available analyses of the well ~ater 
both prior to treatment and after flushing, to deter­
mine residual level of inhibitor concentration. 

A number of compatible corrosion inhibitors and wet­
ting agents are listed in Table III. 

TABLE II. 
SUGGESTED DRY FORMULATIONS BASED ON DU PONT SULFAMIC ACID 

Formulation 

Sulfamic Acid, % 
Salt (NaCI), % 
"Pluronic'" F-68-lF, % 
"Rodine"b 115, % 

a. Amchem Produch. Inc., registered trademark. 
b_ Wyandotte Chemical. Corpolation registered trademark. 

• 
• 
• 

A 
Hea.vy Iron Scale 
Slight Carbonate Scale 
No Bacteria 

65.0 

30.0 

2,5 

2.5 

100.0 

TABLE III. 

Problem 
B 

• Moderate Iron Scale 

• Moderate Carbonate 

• No Bacteria 

95.0 

2.5 

2.5 

100.0 

SUGGESTED WETTING AGENTS AND CORROSION INHIBITORS 
FOR USE WITH SULFAMIC AND HYDROXYACETIC ACIDS" 

Wetting Agenls (All Concentrations 
2 Lb. Agent/100 lb. Acid)b 

"Pluronic" F-68-LF 
"Merpol" OE 
"Triton"" X-l00 
"Renex'''' 35 

Low foaming; non-ionic 
Low foaming; non-ionic 
Non-ionic 
Non-ionic 

Solid 
Liquid 
Liquid 
Solid 

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

Inhibitors for Sulfamic Acid 

"Aldac'" 97 

The following are particularly good for copper, 
brass, 304 and 316 stainless steel: 

ConcentraUon (Lb./100 lb. Acid) 

2 Powder 

Scale 

"Rodine" 115 

"Rodine" 140 

1 
7 

Brown Powder 

Off-white Powder 
("Rodine" 140 is also effective on gal­
vanized steel) 

"Ferrifloc"'-Hydratecl Ferric Sulfate 
(For stainless steel) 

a. These welting agenll and inhibitor •• ue some which hne been 
tested with the •• acidt. Th4tr. i. no intent to imply that they aro 
tho only ones acceptable. 

b. Calculated on tolal acid content of formula 

1 Off-white Powder 

c_ Rohm &. Haas Company f"ijJislered troldemark. 
d. Atlas Chemical Industries, Inc .• regi.tered trademark. 
e. Aldo3 en.mical Company legistered hadel'T'a,k. 
'- T .nne .... Corporation regiltered hadema.1r.. 
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TABLE I. 

DU 
SUGGESTED LIQUID FORMULATIONS BASED ON 

PONT HYDROXYACETIC-SULFAMIC-HYDROCHLORIC 

Formulation 

Hydroxyacetic Acid 
(70";, Tech). ":, 

Sulfamic Acid. ,,:, 

Inhibitecl Hydrochloric 
Acid. ";, 

'Mer pol'" OE. °0 

V';"t.,r. " 

, , , .' 

A 
• Light-la-moderate 

iron scale 

• Iron bacteria 
• Light carbonate 

scale 

98 

2 

100 

Problem 
B 

• Heavy iron scale 
• Iron bacteria 
• Light-to-medium 

carbonate scale 

70 

10 

2 

18 

100 

ACIDS 

c 
• Heavy carbonate 

scale 

• Iron bacteria 
• Medium iron scale 

30 

63 

2 

5 

100 
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SUGGESTED DRY FORMULATIONS BASED ON DU PONT SULFAMIC ACID 

Problem 
A B 

• Heavy I ron Scale • Moderate Iron Scale 
• Slight Carbonate Scale • Moderate Carbonate Scale 
• No Bacteria • No B::cteria 

Formulation 

Sulfamic Acid, ':" 

Salt (NaCI), '~;, 

"Pluronic" F-68-LF, ':;, 

"Rodine'" 115. ':;, 

;] Arr.rhC'll PIG/brt", Ir" !( 'I ',··c'l!., k!"'I'~ 
tl \','j.1f'.dvl!c C'l(."r':;t\', C~I'!' ",1' "fl.:, "'·'''ed ".1d(~'.l'~ 

~.O %.0 
30.0 

2.5 2.5 

2.5 2.5 

100.0 100.0 

TABLE III. 
SUGGESTED WETT!NG AGENTS AND CORROSION iNHIBITORS 

FOR USE WITH SULFAMIC AND HYDROXY ACETIC ACIDS 

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

"Pluronic" F-68·LF 
"Merpol" OE 
"Triton'" X-100 
"Renex"" 35 

Low foaming: non-iollic 
Low foaminrr non-,onlc 
Non-ionic 
Non-ionic 

Solid 
Liquid 
Liquid 
Solid 

NOTE: Anionic wetting agents may be precipitated hy certain inhib,tors rn acid soIU",)J1s: 

therefore, only Ihe non-ionic type arc listed here. 

Inhibitors for Sulfamic Acid 

"Aldac'" 97 

The following are particularly good for copper. 
brass, 304 and 316 stainless steel: 

"Rodine" 115 

"Rodine" 140 
("Rodine" 140 IS also eff"ctiv(~ Oil 'lcd· 

vanized sleel) 

"Ferrifloc'" Hydraled Ferric Sulf,dr 
(For stainless stOl'l) 

II",.,· h't! I 1,''''< "j .1,' 1,," .',' It., :., . 
II 1",1 w II, II! " ",I I h It" (., . '. :.! f 'I Ii II .' ';'" 
" .' n' 1 f ", • I' . , I' ~,II,', 

1 • I', ,I,'. " .," ,1 , 1,. " ' I I 

Concenlration (Lb.l100 Lb. Acid) 

2 

.. ' 
, ,. 

~-- -----~-----
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After an analysis of Nell conditions is completed and 
choice of chemicals is made, the following pro­
cedures are recommended. 

, ' 

Under normal conditions, an acid concentration is 
employed (calculated as 100 0

;', 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 mar,y instan(,3s, 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, add conC.1ntra­

tions as high as 20 percent, based on the static head, 

may be required to give a 5 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 hydroxyacatic or sulfamic acid, 

which are considered absolute minimum require­

ments. These figures may be factored to calculate 

TABLE IV. 

10 

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

Diameter of 
Well In 
Inches 

Pounds of Dry Sulfamic Acid 
to Add per Foot of Water to 

Give a 5'/, Solution 

Gallons of Hydroxyacetic Acid 
70'/, to Add per Foot of Water 

to Give a 5°/, Solution 

2 
4 
6 
8 

10 

12 

14 

16 

18 

20 
22 
24 

26 

28 

30 
Example: 

0.07 

0.28 

0.63 
1.02 

1.75 

2.50 

3.08 

3.78 

5.67 

7.00 

8.47 

10.00 

10.83 

13.72 

15.75 

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 
A lO-inch diameter well 126 feet deep with a static water level 30 feet below the 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 level 25 feet below the surface 
would require: (100 - 25) x 2.5 = 187.5 pounds of dry sulfamic acid. 

J 

I 
I 

, , , , , , , , , , , , , , , , , , , , , , , , , , , , 

, , 
, , , 

, , 

required amounts for higher dosages or usages of 
mixtures. 

, . 

, 'I' 

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 arc 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 cr";d;!:~n of very high scale and Gallio­
nella count could be s ... ch a case. 

Pump the water to waste, slowly at first and then at 
about 25 percent of full flow. At 15-to-30 minute inter­
vals, stop the pump long enough to allow the well to 
regain its static level; this procedu:'e 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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TABLE IV, 
QUANTITY GUIDE- HYDROXYACETIC ACID AND SULFAMIC ACID 

FOR CLEANING WATER WELLS 

Diameter of 
Well In 
Inches 

Pounds of Dry Sulfamic Acid 
to Add per Foot of Water to 

Give a 5% Solution 

Gallons of Hydroxyacetic Acid 
70"10 to Add per Foot of Water 

to Give a 5"10 Solution 

2 
4 

6 

8 
10 

12 

14 

16 

18 

20 

22 
24 

26 

28 

30 
Example: 

0.07 

0.28 

0.63 

1.02 

1.75 

2.50 

3,08 

3.78 

5.67 

7.00 

8A7 

10.00 

10.83 

13,72 

15.75 
A lO-inch diametcr well 126 fcet deep 
would roquire: (126 ·30) x 0,241 
technical. 

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 
with a static water level 30 fcet below the surface 
23.1 9alions of hydroxyacetic acid 70% solution 

hilmpl,~; A 12-inch diamcter wcll 100 feet deep with a static water I(,vel 25 feet below th" surfac!! 
would require: (100 25) x ?,5 187.5 poullds of dry sullamic acid. 
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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 
c:')anings at least once per year. 

~" t T / ) I N \, n I \. L I ! ': tIi'J[) T Ii t 1\ 1 r.', I r 11 

One danger exists which is recognized by those who 
drill wells. but is frequently overlooked 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 well, surging as required to adequately effect 
dispersion. 

Ou 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. If 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 

I: ynf·:{).'>( Y I\\'t flC /I/-'In 

Avoid contact with skin, eyes and clothing because i 

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, 

.1111 "1.11\ !\' .. II I 

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 i 

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 i 

goggles and rubber gloves. 
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INTRODUCTION 

Hydroxyacetic acid or, as it is sometimes called, 
glycolic 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 62.4% 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 finGs industrial applicltions in cleaning, 
complexing, dyeing. electroplating and as a chem· 
ical intermediate. 

_._-------- -----

• 

.. 

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· 

.. nlately available as free acid because of the ease 
with which the polyacids are hydrolyzed. 

In neutra lization 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 I lists tile free acid con· 
tent of various equilibrium solutions of hydroxy­
acetic acid as well as their melting points. 

.. Bactericidal effects-The bactericlda I activity of ; I 
strong mineral acid is generally 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 71 ' 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 Mycobactenum phh, Myco· 
bactenum smegmatls, DesulfovlfJfio desulfuricans, 
and Gall/Onella ferruginea. 

Solubility-The 70% solution is miscible in all 
proportions with water and water-soluble organic 
solvents such as methi'Hlol. ethanol. acetic aCid. 
acetone. dioxilne. etc. It is ImmiSCible With hydro­
cilrbon. ether. ester. and higher ketone solvents. 

See Figures 1. 2 ,lila 3 .lila Tilbles I. II dnd III for 
..Idd ItlOn.:ll pro~ertles. 

Physical Properties 

Concl'lctlvlty (dt Illflfllte JllutlOfl) 

Heat of combu!::>tlofl 

Heat of solutIOn 

pHet25C 

r.lpltlllg pOInt 

DenSity. 60 f 
100 F 
140 f 

fernperdture of the refluxUlg liqUid 

CoeffICient of thermal ('xfjallslon 
(bO -140F) 

VISCOSIty at 60 F 

---

-----------
vIScoSIty "t II OCF 

------
Pounds per gallon at 60 e F 

---

Average Analysis 

loldl dCIU d~ hyuroxYdcetlc 

f- lee aCid <.IS hydro)(Ydcetlt 

tormlc aCid 

Color. G.Hdner 

TABLE I 

15x10' 

166.b Kg C.,I/I11,,1 

II 55 "ilolo~les/mol 

IOC(501) 

1.27 glee 
1_25 g/ee 
1.24 glee 

----
112C (234'1) 

o 00026/'1 

11.28 eentlpoiSes 

3.49 eent,p01st'S I 

106 

7 1. 3'"~ 

64.0··~ 
---

O.20'.~ 

007":, 

00004"', 

4 

Properties of Equilibrium Solutions of Hydroxyacetic Acid 

," lot .1 ACid .1, ",~ t rep ACid dS ~'. ~ pIt I (1~: ., 
HydltJlI.,',1( etll Hydro)(,dct:'tlC ,tf /'> L f 'Oll1t. , 

UO (I() II 

III 0 Ill' I 
,'\1 0 I q q <, 

{( I I) 1. ~ I, 'j 

.Ill (I "J U ! .1 
~lO.() .1 ! ! 1" 
~ : I \l 'It, • " 

10 U h.~ b " ~ 
'{ll • ) t. ~ i) , . 
HI l) ! I . ; <,' 

; \),1 l1 j ,;~ \ \ , . 
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TABLE II HYDROXYACETIC ACID CORROSION DATA 

lO.'O Stefl 
1020 Stppl 
1020 Steel 
1020 Steel 
1020 St.'el 
1O.'l Stepl 
1021 Steel 
10.'0 Steel 

1070 Sted 

IOlO Steel 

1070 Steel 
1020 Steel 

1020 Steel 

304 SS 
3045S 
304 SS 
304 SS 
J045S 
304 SS 

104 SS 

,045S 

31!.> 5S 
316 S5 
.Jl I) 5S 
3165S 
.lIb SS 
lib SS 

llf,SS 

J Ih SS 

430 SS 
4',05S 
430 5S 
.1 ~U ~f I 

: ", 
'" 
1 0";) 
~O'~ 

10":, 
2",', + 1 "~, fornllc 
?":" + 1 0:, formiC 
~fI~, + :"',~, cltnc 
+ NH,OH to pH .. 

~":" + ~(,':, CItriC 

+ NH,OH to pH 4 
+ !:>Oo ppm Fe 

~(l~ + b',/~ CitriC 

+ NH.OH to pH 4 
+ 5000 ppm Fe' . 

(lor:;) DlammOlllum Cltrdte) 
(10(J~ Diammolllum Citrate 
+ 500 ppm Fe· .. ) 

(Ion,:" Drammonlum Citrate 
+ 5000 ppm Fe' .) 

hO' J,o 
2'.';} + 1 n~ formiC 
2(~~ + 1 c:; formiC 
:,v,~ + 5~~ CitriC 

+ NH.OH to pH 4 
5(';) + 5/,~~ CitriC 

+ NH,OH to pH 4 
+ ,,00 ppm Fe ... 

5(1~ + 5(}; cltnc 
+ NH.OH to pH 4 
+ 5000 ppm Fe 

70'J~ 

IO"~ 
c.. ,,­,.> a 
2'!;) + 1 t,';-, formiC 
?";; + 1":" forow,; 
~)";, + ~','.; CitriC 

+ NH,OH to pH 4 

50', + 5f}~ CitriC 

+ NH,OH to r>H 4 
+ ,,00 ~pm Fe 

5<,'1,.; + 5(,'{, Cltnc 
+ NH.ClII to pH 4 
+ 5000 ppm f e . 

10';;; 
10';;) 
lOO{, 
10".', 

ff'mpp.,1turp 
( C) 

II 
II 
bh 
bb 
b6 
Y.' 
')3 

lOu 

100 

100 

100 
100 

100 

100 
100 
II 
93 
43 

100 

100 

100 

100 
100 
II 
'!, 
{)3 

100 

100 

IOU 

1 fl{) 

IOU 
100 
IOU 

Inhdlltor 

RUtJlIle ti2 
Rodme 11 ~ 
None 
None 
None 
0.06"~ Rod,ne 82A 
0.(1)'c., RodIne 92A 
O.O:(:~ Rodine 92 

0.05% RodIne YL 

0.05% Rodine 92 

0.05% Rodine 92 
0.05% Rodine 92 

0.0501, Rodine 92 

None 
500 ppm Fe 
!\lone 
0.06% RodIne 82A 
0.06% Rodine 92A 
a 05% RodIne 92 

005% Rodine 92 

None 
~OO ppm Fe 
None 
() o~n: RndHW 8lA 
O.Ohn

;, Rodine tJ'2A 
00'-,",', h'odlne q;> 

Nt}IlP 

l,!il) 1'1'111 It, 
N(IIiP 

.'l,U ,q.rlt I" 

H,·lIp 

(Inchps/Yr.) 

0.0364 
0.0497 
0.16~0 
0.1410 
0.2170 
0.0268 
0.1696 
0.339 

0.522 

2.15 

0.376 
0.913 

2.72 

0.2140 
<0.001 

0.000 II 
0.0027 
0.0178 
0.0001 b 

0.00010 

O.OOOIL 

U 0800 
<,0.001 

0.000 I" 
0.0009 
0.0009 
U.OOOO'J 

o OOOIS 

o (l00 10I 

f, !.)() 

tI O() I 
:, (~H~ 1 

UO'JI 

... 
• 

• 
It' 

.. 

... 

I • 
• 

• 
• 

• 

Metal 1 ype Concentrcttloll 
-- ---_._---------_.-

44h 5S 
446 SS 
446 SS 
446 S5 

Monel 
Monel 
Monel 
Monel 
Monpl 
Monel 
Monel 
Monel 

NIckel 
NIckel 
NIckel 
NIckel 
NIckel 
NIckel 
NIckel 
NIckel 

Inconel 
Inconel 
Inconel 
Inconel 
Inconpl 
Ineonel 
Inconel 
Inconel 

Z"calloy 
I I 
11 (weldecl) 

32 
'J2 (weldl'J) 

32 
32 (weld,·,J) 

/"c..llo·/ 
1 1 
11 (""pld"d) 

LIf{(tlluy 

I I 
1 I (""ddt'!j) 

IbCr,l/mll, III 

1 f) Cr. 17 11111, III 

lO'}~ 

707~ 
IO'X) 
10% 

2.3?~ 
2.3(~'; 

11.3(;~ 

11.3% 
~6.41:b 

56.4(:~ 

70':{, 
70~~ 

2.3°~ 
2.3% 
11.3~;~ 

1 \.3% 
56.1 «;~ 
56.1 <;:G 
70'-,'~ 
70c;,~ 

2 .3C;~ 
2.3 f;u 
11.J(~;) 

11J"~ 
~6. 1 fI~ 
~6.1 fI~ 

lO'.'~ 

/O':~ 

?O',),~ 

70":, 

: 0' '.-, + I O",~ CI t riC 

10":. + 10 ':. Cltll, 

2U"', 
20". 

/U ',', 
/0 ':, 
20";, 
;'0',':" 

10":,+ 10'.':, ntrl(" 
IO"~ + 10": lOt fie 

l(jn;, 

• •• •• • • • • • • •••• •••• • • •••• •••• • •• •••••• •• • • •• • •• •••• •• • •• 

• • ••• • • •• • •• • • • ••• • • • ••• • • • • • • • • • • • • • • •• •• • • • • •• 

Tt~rnperdturt' 

( C) 

100 
100 
100 
100 

30 
100 

30 
100 
30 

100 
30 

100 

30 
100 

.iO 
100 
30 

100 
30 

100 

3U 
100 

30 
lOll 
30 

100 
30 

Ion 

100 
100 

100 
100 

100 
100 

100 
IO() 
100 
100 

IUU 
IUO 

HI! 1 

IOU 

If· 

IllhdHtor 

None 
? ~O 1'1);" f ., 
None 
?~O rpm Fe 

None 
None 
NOlle 
None 
NOlle 
None 
NOlle 
~one 

None 
None 
None 
None 
NO:1e 
None 
None 
None 

Nune 
None 
NOlle 
NOIlP 

None 
NOfl~ 

NOrJP 

N"n~ 

o O~)'I,:, R(1dll~(: y.) 

O.l)~"~ '''adult' Y.'" 

o OS,t;, Hodlfll' Y2 
LJ OS''':.J Rodu1e Y2 

t) O~(J') Rod!pe lj.J 

O.O"1";J RorJm(' q.! 

r~!l! h' 

NOllt' 

NOlle 
NOflt: 

() O~",:) R(l,j,JH' q.) 

O.lJ~"~ Klhllllf' \1 .... ) 

Nnnt' 
2~)O ppm 

NOIlP 

Rctt~ 

(Inches'Yr.) 

".628 
.'0.001 

0.6610 
" 0.001 

0.0130 
00002 
0.0190 
0.0008 
00004 
O.OOS') 

,,-0.0001 
0.0063 

0.0180 
0.0025 
0.0 150 
0.0071 
0.0003 
0.0076 
0.0002 
0.0080 

0.0040 
0.0032 
0.0140 
0.0046 

<0.0001 
0.0110 

,,0.0001 
U 01'10 

0.00020 
0.00011 

0.00019 
000021 

0.00023 
000018 

0000 I q 
0.00003 
o OOO.H 
000031 

U OUll?' 
II OOll( h 
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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 
crysta lIization. 

The following sodium salts are typical: 

Many double sa Its have a Iso been reported such as: 

CIHgC,H.O, 

1\. Z ,fC, H ,0,),.3 H,O 

CICaC,H,O, 

Polyva lent meta Is form com plex hyd roxyacetate sa Its 
in which both the carboxylic and the al-::oholic 

i , 

hydroxyl groups are involved. General examples of 
salts of this nature are: 

H 

I 

H 

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. l 

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 :78 

H-O 
I 

H-C--H 

I \ / 
o c-o ~Cr'" 

I' 
I \ 

O--H 

I 1-H-C-H H 
I ~_~ H,C-O 

o-r 0 I I 
I () c-o 
I 
I _ 

H 
O-CH, 

\ , / I 

~Cr'" 0-(, 0 

/\ 

1 

1 

• , • ... 

The abi lity of hydroxyacetic acid to form complexes 
of this type provides the basis for numerous appli­
c.ations where inexpensive hydroxyacetic acid can 
substitute for the conventiona I, more expensive 
complexing agents_ An index of stabi lity constants 

t can be seen in Stability Constants of Metal-Ion Com­
plexes, L. G. Sillen and A_ E. Martell, The Chemical 
Society, Burlington HouseJ9 

• 

A number of metal sa Its have been studied to deter- I ! 
mine the degree to which hydroxyacetic acid wi II 
delay or eliminate precipitation_ Duplicate 0.01 
Molar aqueous solutions of the sa Its were prepared 
over a range of pH values_ The pH range at which 
precipitation occurred at room temperature was 
noted. Identica I solutions of each sa It 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 sa It present. Stabi lity i 
constants for most of these complexes have been 
determinedJ9 

When greater complexing strength is required than 
is afforded by hyoro)(yacetic acid alone. mixtures 
of hydroxyacetic acid with other recognized com­
plexing hydroxy acids frequently provide an eco­
nomical substitute_ This is provided ty a syner-

• •• • • • • • • • • • • • • • • • • .. • • • • • • • • • • • • •• • .. .. 
• • • • • • • ... • • • • • • 

• • ... • • • • .. • • • • • • ... • • • • • • • • • • • • • • .. ... • ... 

TABLE III 
The Complexing Ability of Hydroxyacetic Acid 

lor Selected Metal Ions 

Metal Salta 
Solutions pH Range In Willch lite Melal HydlOlides P,ecopltate 

AgNO, 
NICI, 
CoCr, 
CuCI, 
reso. 
feC!, 
MnSO. 
CaCI,' 
S,CI, 
Ph(C,H,O,h 
MgCI, 
AICI, 
AI(NO,h 
C,C!, 

10 Moles ACid/Mole 01 Salt 
NQ H:)Ac HOAc 

7-3 7-9 
8·9 8·9 
7 -8 8.5·9 
5-5.5 7-9 
4-6 78 
3 1011 
5-6 9-11 
7R 9-9.5 

10-11 no ppt-Xs NaOH 
6-7 6.5·7' 
9-10 10-11 
67 9 10' 
6-7 9-10' 
5-7 6-7 

4 Moles 01 ACid (Mole of Salt 
No HOAc HOAc 

7-8 
5-5.5 
46 
3 
5 6 
78 

6·/ 
6-7 

8·8.5 
6·7 
6·/ 
4·5 
5·6 
7~ 

6·/ 
6/ 

'Note that the conditions of evaluation In Table III are severe for com­
plp)(InR dgents. In practical apphcallOn~ ~omplexlO~~ d~~nts ,He seldom 
used for metal Ion concentrations much higher than 25 50 ppm. 

~In the GIse of calCium c:hlonde solution, calCium c<Hhonatc prcnrJltates 
be;:ause ~odlum carbonate has been added. 

Cfhe precIpitate redl~solves 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. 

q 



REDUCTION 

H()UI,COOtI i H,'oU. -+ Ln 

OXIDATION 

1. In the presence of ferrous sillts, hydroxyacetic 
acid is converted to glyoxylic aCid by hydrogen 
peroxide, J 5 

re 
HUCH,CUOH i H.O, ---.. OHl. COUH ..... 2H,O 

2, In the presence of ferric salts hydroxyacetic acid 
in neutra I solution is converted by hydrogen per· 
OXide to oxalic acid, formic acid, and C02'~'(' 

f e . 
,'HOCH.cOOH i- olH,i. - .. 

'iOOCCOOH -+ HCOOH i- CO, + bH,O 

DEHYDRAIION 

The following compounds have been prepared from 
hydroxyacetic acid by helting.' 1.' 

H( ILH, en 

(J 

tH If .H.Ct) 

HU( J( ~ I, ( 

Ii 

~" 1,( H.' 

( H , , J 

/ 
IJ I J Ill,:I,! i,l, .tf "I 

f ,11,( (I 

I~I,!.~~ f ri{l: It (II 11 ( HI ),,."'1111,1 
I ;drrp _ \f ,·1 d" 

I r( 

r' II' I.),~ ! j f J (. 

CH,C(J 
/ \ 

o 0 

eOCH, 

(C,H,O,). Poly~!IJcuhde 

FORMATION OF ESTERS 

mp 8b·87 C 

mp 223' C 

1. Alkyl esters of hydroxyacetic acid may be ob· 
tained by direct esterification of the free acid, by 

I I alcoholysis of the methyl ester, or by the reaction of 
i polyhydroxyacetic acid with alcohols: 

I 
a, HOCH,COOH + ROH .. HOCH,COOIl + H,O 

b. HOCH,COOCH, + ROH .. HOCH,COOR + CH,OH 

c. H(OCI',CO)nUH + n·ROH .. n HOCILCOOR + H,O 

Reaction (el) IS generilily 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, 

I litharge, etc, Reaction (c) has been used to prepare 
the esters of high boiling alcohols, 

2, Estf'rs of the hydroxyl group Me readily pre· 
pared by the action of i1n i1cld chloride on hydroxy· 
acetic aCid, 

.,. ( H I (HIf:H.(,()lIH ~ HLI 

Ttl;· .. ,!, tlvdrt>~Y ,j( ptyl.ttpd p'>ter, uf hydruxYdcetlc 
"cid bf'lidvP oiL, urdlll<lfY .Icuje, rPddliy fornlll1g ttlP 

1 

) 

I) 

r 

r 

• 

r 
r 

r 
! 

acid chloride, amides, and esters, Reaction of dcetyl 
glycolyl chloride with sodioma Ionic ester gives :1' 

CH,COOCH,COCI + NdCH(CUOU)," 

7H 

C _. CH, 
/' 

ltOOC . C + NdCl + CH ,COOH + UOH 
\ 
co-o 

r 3, Completely esterified hydroxyacetic acid deriva· 
r 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· 
droxYClcetate can thus be prepared in the following 
manner:l~ 

HOCH,COOH + CH,COOC,H .. CH,COOCH,COOC,H .. + H,O 

4, Cellulose reacts with polyglycolide to form cellu· 

T 
lo<;e hydroxyacetate, Polyvinyl alcohol reacts in d 

simi lar manner, Esters of hydroxyacetic acid with 
"I 

r inorganic acids are also readily prepared, Examples 
are the nitrate 02NOCH2COOH, from nitric and 
sulfuric acids, the orthosilicate, Si(OCH 2COOHk 1 

from silicon tetrachlOride, and bromoacetic aCid 
from aqueous HBr, Ct,' lracetlc i1cid is readily pre· 
pared from the polyaCid and hydrochloric acid,:- ,', 

5, Anhydrocarboxy hydroxyacetic aCid Cdn be pre· 
pared by treatment of hydroxyacetic aCid With 
phosgene" 

(lCU, t IIIICII,C.l)()H ~ I.H, (0 t ,'!III 

o 
,) 

6, f'hosgellt' rl'dch wllh h~dlOxydcetdtp p"tL'r~ to 
Yield the C.IfUOlhltes"l 

,'lH)( 11,1 (H)/.( I ({~( I .. ..-1'()(lt (11,'lI '''II jl.\,(l(lI~ • ,'tll I 

• • • • 

• •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • .. 
• • • • • • • • •• • • • • • 

• ••• • • • • • • • • • • • ••• • •• • • • • • • •• • •• 

7, Under other conditions the ctltoroformate of 
hydroxyacetlc ester mi1y be formed, ;]nd from this 
the carbamate ilnd other derivatives, For example 
with the ethyl ester:-' 

r HOt H,COOC,H, i COCl, .. ClCO(;CH,C()()C,H + IlI,1 

CICOOCH,COOC,H. i- :>rHi ... rHl,u,UUt,CO()C,H -+- NH,CI 

8, Ethyl ch lorocarbonate r,"acts with hyd roxYdcetic 
acid (or ester) to yield the corresponding hydroxy· 
acetic acid ethyl carbonate, the anilide of which 
rearranges on saponification to give the phenyl 
urethane,.'ol.'r, 

HOCH,C00H+ CICOOC, H .. C,H O()CUCH,CnOH + HCI 

C,HOOCOCH,COOH -+- SOCI, "C.1t OOCOC.II.f';OCI t HCI 

C,H OOCOCH,COCI + C-HNH, .. C,H GC'.'OCH,CONHf It + HI" 

C,H OOI;()CH,COWtL,H -+ N,.OH .. 

\',H NHCOOCH,CC:or ... + (,II' '11 

9, Reldted somewhat are the reactions '.'11th ureil 
a nd I socyflnzl tes, Hyd roxyacetic ester react S WI t h 
ured to form the dlacyl urelde,c' 

10, f'henyllsocy,tn,lte well ,ldd to the hydrowl ~r()up 
of IlydroxYdcetlc. ester dlld tlw resulting plh-'nyl 
urethdne IS cilpolble of C;dponltlcdtlon ,!fld ring 
closure,,? 

t h'. " 

(Hf\,tl!(l{1tHtC'\IN.l + !H'1~.' tt'~ 

, , 
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1. Hydroxvacetic acid readily forms the xanthate, 

HOCH,COOH t CS~ + )~OH ~I\SCSOCH,COOI\ + 211,0 

The ethyl xdnthate mily be formed from thiS si'llt 
after neutra lization and the resu Iting ester treated 
with ammonia to give the thiocarbamate of hy~ 
droxyacetic acid",g 

I\SCSOCH,COOK + C,H Br ~C.HSCSOCH,COOI\ + KBr 

C,H,SCSOCH,COOI\ + 2NH ~HN,CSOCH,eOONH, + C,H SH 

2, Upon heating. thiocarbamyl hydroxyacetic acid 
i~ converted into the thiolactam, J'J 

C5-0 

Ii H,C~OCH,COOH ~ liN I + H,O 

'co CH, 

;·'U\( T IGr, ',"1 TH ill DE hYl;f .~. ii.NO 
: :} I !, 1 : r J (' ( J i.1: I II it, I " . 

1. With formaldehyde the formal is formed.,1 

,CH,-CO 
HOCH,COOH ~+ HCHO ~o + H,O 

'CH,- {J 

1.' 

• ... 
• 

, , 

2, Witil acetone the cyclic ketal is formed,'! 

H,C~C(J 

HI)CH,COOH + (eH,).CO ~ ,0 + H,O 
o ~ <>CH, 

CH, 

3, eh lora I reacted with hydroxyacetlc gives the . 
chloralide,jj 

CIL-O 
CHOCCI, + HOCH,COOH ~ t CHCCI) + H,O 

co -0 

1 

1 

4, With glyoxal the following product is formed,34 1 
CH,-O,- O-CH, 

2HOCH,COOH + OCHCHO- ~ I /CHCH + 2H,0 
co -0' 'o-co 

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

5, With hydroxyacetamide. acetone will condense .) 
in the presence of Hel to give 2·dimethyl. 4 keto· 
oxazole. 3' 

HOCH,CON H, + (CH .),CO 
CH, /O-CH, 

~ C I + H,O 
CH./ 'N co 

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

• 
• 

• 

• 

• 
• 

ing an ester of hydroxyacetlc with aqueous dmmon~ 
ium hydroxide, 

2, Substituted ilmides ilre readily prejJared by the' 
action of am i nes on hyd roxyacetic ac id,-" 

( O(HI 

• HtH,H,Cl){JH ~ 

NH. , COOH 

+ H,O 

_ /iNHCOCH,OH 

3, The same reaction with o'phenylenediamine will 
take place followed by a secondary ring closlflg 
condensation between the cClrboxyl Clild the free 

, amino group,,7 ;R 

~~,NH, 

i1 + :~OCH,COOH ~ 

Ii 
N 

) C CH,UII t .'H,U 
I 

N 

1. Redctlon of acetylelle with hydroxyaceta1P pster'> 

• • • • • 
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" (JeH,LOC,I! 
He.( II , ,'HUI.H.U)('1i ~UI C 

2, Reaction of dCf!tylelle WillI ttle dllhydrou,> ,'('Id 
using mtrcury cataly'>t will provide 2,methyl~4· 
keto·l.3 d ioxa ne, ~,,, 

HC,=,CH + HOCH,COOH ~eo-o 
CH CII, 

H,e -- 0 

3, Dla Idehydes Ciln be ;ormed from the basic 
sod IU m sa It of hyd roxyacetic ac id and ch loroaceta I.~:; 

OC,H· 
.'LlLlI,I.H + N"OCH,C(JU~.,. ~ 

OC,II 

LHO (d,.1i 

LHCH.(lCH.t I)(II.!I.CH t .':. j1.! 

C.H(\ U(",H 

1,(.. H 
(' flU I, (11'11, <.Ill ll.H, CII t HCi ~ 

I H \) Ct:. H 

II II 
o (TH.UCH.CO(!CH ( (I t '\! .• ~ ).\.1 



ESTABLISHED USES I I Ammoniated hydroxyacetic acid and mixtures ofl 

Adhesives-The abi lity of hydroxyacetic aCid to 
react with casein to form cationic caseinhydroxy 
acetates finds use in manufacture of certain ad 
hesives and textile sizing compounds .. h • I .. 1, 

I hydroxyacetrc acid and citric acid ammoniated to : 
pH 4.0 show excellent dissolution for the oxides i 
and other salts requiring removal. Hydroxyacetic 
acid ammoniated to pH 4 gives negligible corrosion 

I I 

I to stainless steel, 21rcalloy and other resistant .. 

Copper Brightening-Hydroxyacetlc aCid IS em­
ployed in a b lth to give a lustre to copper and 
copper alloys following the normal pickling opera­
tion. This lustre is retained much longer than when I 

strong oxidizing acids are used alone.·c 

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 III 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, c;,seln. Hydroxyacetic iKld also 
exhibits definite bar:tericidal properties, particu· 
larly against strains of bovine tuberculosis in or on 
dairy equipment. It IS useful in pH adjustment of 
iodine sanitizers because of the buffering strength 
of it salts.""" 

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

It I~ free of metallic ions and is essentially ChlOride 
free. thus does not contribute to chloride stress 
corf()"lon when used on stainless ·_,teel. Hydroxy 
a((~tlc ,lCld forms complexes with the metals en­
counlt,,"d In Ihe reSidues to be removed. The"e 
comlJl~v.f'" ,In, soluble bul are Ilot -is I:ghlly bound 
as those ICJrrned by most recoglllled complexing 
;.gent:,. 

I metals. Ammoniated mixtures of hydroxyacetic I • 
acid and citric acid show less corrosion on mild I 
steel than diammonium citrate. The rates are still ' 
rather high. 

Dyeing-Hyd roxyacetic acid has been used O):ten· 
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 I)enefit in complexing metal 
ions 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. HydroxYdcetic acid is a good sub· 
stltute for cream of tartar in mordanting wool with 
chrome where it combines good exhaustion with 
good reduction."" '.1 

Electroplating-·Numerous applications of hydroxy· 
acetic acid are made in the electroplating industry. 
The sodium ,1I1d potassium salts of the acid are 
exc.ellent substitutes for Rochelle salts used as 
bath ildditlves. 

Inasmuch as hydroxyacetic acid forms complexes 
vlith Virtually all multiv<llent metals. its salts form 
mdny b,J!h'-. SUitable for electroplatlng. lo Excellent 
pl:ltes C.lIl be obt.llllt'd from the chrome, lead, 
cobalt. till 2.lld lIickel salts. 

F lectroless pldtlng 01 nickel tlldkes use 01 hydroxy· 
ilcetic ricid itS Its sodium Sill!. Til!' techlllcdi 70% 
product is free of interfering met,illuns iliid sulfur 
compounds. ',: '. 

, 
• 

.. 

• 
• 

Electropol ish ing-rlpLlrol'{J II~, hlllg uf st.lIllie;, s s tel;! 
utilizes hydroxy,lCetlc dCld III cumblll,Jlloll With 
either phosphOriC or sulfurrc dClds. The mixture 

i provides <l bdtli \'11th 10llg 11ft· dlld l>xcellellt ,>Iudglllg 

I characteristiCS. 
... 
.! Etching-HydroxYdcetlc dud IS lItlirlt'd III tlw pteh 

I ing of lithogrdph pldtes. It I.., ,liso lIselullll preven· 
tion of u nwa nted prec I Pit" tes by fUl"Illlng md Ily 
soluble metallic complexes III both alkdllne ilnd 
ilcid environments. It has vdlue in chemlCillnlllllng 
and many cleaning formuliltions.' . 

... , 
Masonry Cleaning-Mixtures of hydroxyacetlc aCid 
and phosphOriC acid are finding use as a masonry 
cleaner, both in the manufz~cture of bricks and III 
the cleaning of freshly laid brick and tile. Certdlll 
clays used III maklllg white bricks contain tract's 01 
metals which mlgrdte to the surface during flrillg 
ciluslng stdinillg. HydroxYdcetlc aCid IS p,lI·tlclIL.rly 
eff,-,ctlve in removing these stdlns due to Its (Dill 
plexing ilbillty for metals. 

• 

• 
~I 

Metal Pickling-Hydroxyacetlc .lcid h,1S repLKPd 
, vol.ltrle OIgdnic iKlds III ced,lin pickling oper .. tlons. 

The nOllvolatile ctldrdcteristlc prpveills losses due 
10 elevdted tpillperdtures ililU r,'ducps the vl'ntlLl 
tlon rpqlllrt'Ill('nh. In gl"llt'r,tilt celn usu.lliv be us"d 
to repl.lle ,lIlY Ulg:IIlIC .Kld III i'I'kllll~ forlllllLltlull~ .. , 

• . , . 
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Petroleum Lubricating Oil ·[,;()dlfi,'d I dHI.llh 
';olltdliling "ddltIVI'~ lormul,t,'d l,ulll iI;<irl)xYollPtl( 
.. cld ,lIld polyllydllc ,kollOb IIllIHrl d,~olr .. bl" ex­
treme pre5sure lullllc.tlion 1'lopertl.>.,.·'· . Hydruxy. 
dcetlc aCid hdS alLu bel'll used tf) Idll()'/lO metdilic 
Im[lIHltles from fdh CHId oris by pxtr,lctloll \'11th oln 
ZlqUPOllS COllltiol1 of tllt\ deld t,) forlll ';IJluble mett! 
Ilc comrlf'xes 'Nhlrh ,.re then ff'm(j/,'d by decm­
tdtlon.;": 

Stainless Steel Boiler and Process Equipment 
Cleaning-The absence ul chlOride 1011 gives as· 
sur<lnce of freedom from d,lmZlge due to chloride 
slress corrosion. CZllclum c"rbon,·,te, mill scale ilnd 
magnetic iron OXide ,.II Ccln be removed ;e.t f!O sacrI' 
fice III speed or cost by IlydruxyJCetlc aCid or 
mixture 01 hydroxy-,cetlc <llld formiC ,;cld. The 
mixture (t\'IO percent Ilydroxydcetlc aCid, olle per· 
u·nl 10nnIC .lCld) IllS been developed p.:rtlcul.lrly 

I fur C)"dllllig hlt~h pressurp sLllnle:;~ ~teel sle,lm 
g.'lll'l ,.tOrs.' TillS Illixture offers the follo',','Illg 
oId'/dlltdges: (1) effective removed of operCltlon,ll 
and preoper,lllol'C,! oIep0..,lh, (2) freedom Irom 
urgdilic IrOIl prpclp lion. (3) 110 (:lllorrLies, (4) 10.'/ 
corrOSIUIi. (") eCOIIOIllY o1IHI (6) volalile dCClllll~OSI 
tlon prud uets. 

TIlt' lrun 0 dt" rl'~IJ!IIII,:: fl-um tilec.r 1l11Xt'd ;-.·Id,- ,.\ 
hlillt hl ... IH'r solubility ,Inc! les.., telldl'IH.y lu preCI!,1 
\.,te tll,III ',';ill'II "Ililel 01 tikse ,KICL '.Ir" ll,~t'd LIII/:I). 
ThiS Pl'llllih kll"~'-'I c;lIlt.lC1 tillil' ,Hid IlHJlC' d.,~,,)·,;t 

Paper Felt Cleaning-- Bl'~',lll"'l' of ,,jLiIllIIlIJll~ (;om· 
pl,'xlI'';; ',tll'II,:tll do., '.'wll do il .• rd '.'idter ..,.It diS 
~.,)I IIlllll ,'])lllly. IlydruxYdCl'tlc .ll·llI SllUlild Iw'/,dll' 
il):,' III l.(JIlLiltIUlllllg P,'P'-'1 it-'It,. It I~ Illlll IIIJllIIUU'­
tll 11"'\'10,,1 "lid lIylon ll~l'd III ,_()Il',tlllllll)1l "t P''I'''I 
f,'Il:. 

I ' rellluv,d ',','Itil \'-,"Cc.'llnl d.1I1~·cr 01 pll/~:'.I""': d'l.' III 

· , 
Petroleum Emulsion Bredking NlHlll'f{ll,· 

tIVI"'. 01 1I'IdlllXY j( dl( .1( ill (-',I,'IS _If.' Iltll'."l',1 !" 
1.""I:IfI/: (III -,'1,11('1' ('nllrl"lon~. Nllnlt'l()ll~ 1' <1.--,(-

i iI,.v., LWl'll 1',:liI'd (llVl'llIlt' til" 1\llIdllelloll (J! till"'" 
l j t' r 1 '. j t I • t " 

1 h.' lill'llll.1i .1\-" llll'l'L".ltl')1I pl::d,,', h "I liyd'.'\\ 
.cdle "rid ,I ·ttl l ) C .Ihl 4'«lU 1".1 tr" , ,r\ldll 

IllOllll,lllt'. tU!1l1 lid,-'hy(k. ,111(1,) tl II," ot t,\lI'11(' ",·Id. 
III t)f ,,'lh'lI1 Irl'VI)llIilt'. 

Clnrll~'!',)[l r,If··', Id hvd"J'- ') , t til. j ~ I I j l' r I ' : ~ I ~ I I, -- '.., 
~ ! 1 't ' j j It' \' I :... ! ( ) ',', . 

T,lI1ning III th., (,1:1111:',' i''''' ,"<-. II,dl,·".,; ", ,'Ill 
.:: 'Ii I" fr"'IlJo'lllIv II Cl'd ttl r"I'II:'.' 11111)1".11 1;'-1'1' 
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where high qldlty ledther IS desired. It IS 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. 7c 71 

Water Well Cleaning-Much of what has already 
been said concerning oil we!1 clezlIllng applies to 
water well cleaning, too. Hydroxyacctic acid com· 
plexes and removes light iron an~ carbonate scales 
while preventing repreclpltatlo'l 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 controls 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 reo 
place these different agents because; treatment 
with hydroxyacetic acid performs a II three functions 
of cleaning, complexing iron, and bacterial 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, sxh as sulfamic elcid. 

Oil Well Acidificat:on and Secondary Recovcry­
Hydroxyacctic acid exhibits complexing ability for 

• ... 
• 

iron "t Illllch hf'l"w th,' cO'·t <If COIIVt'ntltllUI chel.lt· 
Ing <lgellb. III CUI1Juilction Willi hyJrudl!UltC clcld 
or sulfalllic dClli It prevents lroll preC!I"! .ltlon III 

cleaning operations or 111 W.lter fl')(Jdlllg. Defl:llte 
bactericidal properties eXist with thl;,lcld III <lJd,· 
tion to that i1ttrlbuted to pH dlonl'. redu'-'m; prob 
lems of metal depOSition dlld corrosion dlle to bac· 
terial action. HydroxYilcetlc ;lCld costs Il'~'" than 
other organic aCids used In this type of treatment. 

Vapor Cleaning-Vapor cleaning is a technique for 
cleelning pipe lines by injection of acid solutions 
into a steam jet blowin€> steam through ihe pipe. 
Mill scale is removed by the dual function of the 
acid attack coupled with the turbulence and velOCity 
associ<lted Nith the stream flow. The corrosion rates 
encountered when using hydroxyacetic acid are 
comparable to those of the other accepted acids 
used in thi~ 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 metal is 
at a minimum. Hydroxyacetic acid 70% technical 
commercial solution requires only dilution to pre­
pare it for tnis type of cleaning and it serves as an 
economical substitute for other acids now used 
conventionally with no sacrifice in performance. 

Metal Cleaners-Hydroxyacetic acid, exhibiting 
complexing power and oxide solubility for many 
metals. makes it a cdndidate for inclusion in metal 
cleaning formulCltions.lt will be of value in airplane, 
train and truck body cleaning. It also should be 
considered for missile component cleaning. 
Hydroxyacetic aCid IS presently used in missile fuel 
compartment cleaning. 

Hard Water Scale-Hydroxyacetlc. will dfectlvely 
remove hard water sCelle from illl types of heelt 
exchange equipment. It should be conSidered for 
pH i1djustment ()f cooling Wolters to prevent sc.J!,~ 

buildup. 

• • 

• 

Hydroxyacetic i1cid is corrosive to Iron. mild steel. 
chrome steel, till «nd aluminum. Lead is initially 

I attacked bu l. ~JI t~1S il resistant film. Copper and 
I brollze are resistant in the absence ()f <llr. Stainless 
I steel and silver (fille and sterling) are reslstClllt 

• over a wide range of temperature and ClCld cUllcet' 
• '1 tratioliS. 

I 
Storage tanks constructed of 304 stainless steel 
are recommended for storage elt tempereltures up 
to 160'F, and 315 stainless steel for temperCitures 
above 160'F. "Heresite" l!fled mild steel or wooden 
storage tanks can also be used at ambient tem­
peratures. 

BeCL1LL.;e of the 10'C freezing point of hydroxyacetic 
acid. bulk storage ti1nks in unheated locations 
should be equipped v/lth heCiting coils for thi1wing 
ill willter temperatures and pump lines Clrranged to 
allow recycling through the tank for mixing. Drums 
should be stored in heated warehoLises. 

Piping can consist of 304 or 316 type stdinless 
• steel as well as neoprene. Piping In aredS exposed 

to low tempel'dtures should ue stei11ll trdceJ or 
electrically heated. 

A centrifugal pump is qUite sUltdble for unloCldlng 
illtu storage dnd tri1nsfers. Pumps similar to Type 
SSO (AlliS Chalmers. NC'rwood, Otlio). are recom· 
mended for use with hydroxYdcetic aCid . 

HANDLING PRECAUTIONS 

Hydroxyacetic acid is a fairly strong org.mic dud ' 
and the concentrated 70% solution may cause 
burns. Contact of the aCid with skin. eyes dnd ckth· 
ing should be avoided. Exposure can be minimized 
by wearing chemical goggles and rubber gloves 
when hClnd!ing hydroxyacetic aCid sulutions. Addl 
tiona I protective clothing. sllch as rubber pants. ' 
Clnd jacket. rubber safety shoes and rubber gaunt· 
lets may be desirable where probability of contact 
with hydroxYCIcetic acid solutions is high. 

In case of contact. Immedldtely flush skin or eyes 
With plenty of water for at le.lst 15 minutes; for I 

eyes. get medical ,1ttentwn. 
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Ucllig Ih,· , 1"o',ilIC·,tIUlh 'cpl furth uy Hodge rlild 
~Ierller. Anl<"flC 111 Indu'otn,tI Hy~ielle Association 
(jll.lItcrly 10:4. 93. D(,'J~l11ber 1943, Ilyuroxyacctlc 
,r Id I, IIlud"'.t!,·I,. tlnl(. 'Nllen Ingested. Tile lethrll 

urdl du"t, uf Iljriruxy.ILetlC dCld, dS the sodium s,d!. 
I,)r Celt;, IS dPIJruxlllldtlCly ",00 Ir'f; per kg of body 
'.'Ielt'h!.' lIs to."f.lty Ill.l)' be s'Jrne.'lh"t less for mall. ! 

~lllce i.:llhorrlt dnd TO'ocalll": rt-'port,"d no toxIC: I 

'ymplt:ms III patlt'IJts ':lIth IllllsculM dystrophy I ! 

.'.'ho rl"l.el!ed oldl dosps of 260 to 400 mg per kg of I 
! I 

3.000 to 4.00')·g:11Ion tilllk trucks and 6,000" 
7,000. dnd 10,000 f',,/lOIl f;lIlk Cdrs (dpproxi 
IndIClv 30.00r to 40.000·, oO,oon. 7Cl.000. 
111,11 100 (lOO·!u 70% "olutlOIl, r";sp?c:tlvply). Tdl1k 

sodilim hydroxYdcetdte ,1~lIy Lr periods up to 7 
dcl',s. 

SKIN 

Nc specifiC Sklfl,1bsorotl0r1 toxlCIly or local Irritation 
"Iudl"'s hrlve been r('porlpd. but since hydroxy, 
dcetlc ,lCld IS " Lwly ',Irl)ll~ urg.HlIC dcid. avoid 
COlltdct l'llth skill. ey,;:',. <lnd r~luthlllg. 

INHALATION 

HydroxYdcelll dUJ IS 11OrlVuldtde, but bredtillng of 
"pray or mist should be 2lVoided. 

'.If'· IldV,' 'per I ,I ':rILl "",1"1,]111 IlIllllf~, .,r',. III .ul d, d 

tliel h,l'/. f'xttOfior ht'dtl"~: coil, .. Also "'11'11.,. j III 

1'1 flbr'l'rltlHll- .lV' ,.,,;,. 1I,'t :I"'f:ld ',',f) II) 

FIGUBE 4 CALCIUM CARBONATE DISSOLUTI~N r..UE!,3 

FIGURE 5 MILL SCALE DISSOLUTION BY 
HYDROXY ACETIC-FORMIC MIXTURES AT 100 C 

• 



• • • • • • • · · • • • • • • • •• • • • • •• •• • • • • • • • • • • • • 

• ••• • • • • • . • • • , . • • • • • ... ... 

• • 
• ... 

• , • 
• • • • • • • • • • 

, -/ (' U r--..- 4 r- ~ r-, L 

-·-r 
I 

I 
i 

-I-

~IGURE ~ 

28.000 ,-~------~ -

24.000 

z 
Q II.GOO ... 
:;) 
-' 

~ 
U) 

o 12.000 ... 
-' « 
(.) 
rn 
-' 1.000 
-' 
i 

4.000 

r-

f-~ 

o-~------· -

I 

4 

II '1'.·1 .. ;: ',I ) t -J '.. I I' ! 

-----T-·- - -- -- ----

i 

-

I --t---- t- -~---,.---.-

! I I 

I I I I I ' I 

0.50/0 SULfAMIC ACID t -~ -1 
t ; . , 

TIME. minul" 

I>I<--;:--,()I II T I< ;~J l " \: . , 

-

1 

r 

I 
t 
I 

t 

I 

I 
I 
j 

I 
. .1 

100 

-t-

T ~ - -------4 
, 

I 

--- ------' 

110 120 

1--- ~------+- ---- -~ - . ---- ~.----- ---~--.---

, 

-.-

-~ --

----

--
r2% HYDROXYtCETIC ACID + lOfr fORMIC ACID 

i I 

--- - j 

I 

L;~.~:-CITRIC lclO + 1.5% HYDR~XYACETIC ACID 

--

--

--.~- .~+----- -i------ --- t 

-~---------11----- -+ ... ·--1-
- I , 

12 , " 20 

TIME ........ 

- , 



l. R()'.:>erlh~lm. [>t 11 .. Z. Aflor~~. Al1gcm. Chi'lll . .:)(I(). 1/3 (1'131). 
l A. CL,us. AIIII. 1·1'>. ?'>t- (1868). 
3. H. J. H. Fr"tOil & H 0 JOI1(·'. J C/'i'm Soc. 77. 70 (1900). 
4. S. GoldsCI.fTlIJt. I' Askelldry & S. P,erru,. Ber. &1 B. 223 

(1'378). 
~. H. \\tleldl:u dlJ(l V,. tr,11Ikt,. Afili .. :~/. 1·/0 (lY .. }/). 
6. H. lV,el,,"d "",j H. LOWI·sk,old, Aid'. ·136, 229·262 (1"24) 
I. w. S. Dellll.\", allu H. Woodhouse, J. Chem. Soc. 103 (1861). 
8. Heliltl. AIIII. U. Physik. 115,461 (1861). 
9. E. Drechsel. AIlII. 127. 159 (1863). 

10. Flttlg alld Tilornp,on, Alln. 200, 79 (1880). 
II. E. J. Wltlemallll.J.Am.Cllem.S::>c.39. III (1917). 
12. C. A. BISchoff dlld 'I1"ldell, Ber. lb, 267 (1893). 
13 R. Allscllut! alld Bertram, Ber. 36. 466 (\ '102). 
14. U.S. Pdtent 1,927,295 to E. J. Powers, 9·19·33. 
15. U.S. Patent 1.947,463 to H. Dreyfus, 1934. 
16 U.S. Pate"t 1.972.134 to H. Dreyfus, 1934. 
17. Gt'rmC!n Patent 480,H6b to COlIsort,um fur Elektrolllcnli' 

sche. 
18. H. 0,,,,"1, Bull. Soc. CllIm. (3) 29,601·678 (1903). 
19. Hellry. AIlI,. de Ch"n. (.\). 28, 424. 
?O. FrPflch Patent b8-l.814 to H. K,HJfm.HH1. 1930. 
21. A. Kekule. Chem. Centralhl"tt 3;', h(,'> (1864). 
22. U.S. P"tent ?876.755 (1'1'>'1). 
23. BrItish Pdte"t 6'>0,003. J C S. 19'>0. 13'>I·13~'.I. 
74. W. Heln\? A,,,,- 1'>·1, :>'>1 t.y (l87U). 
!'>. Th,el ,,"(j Del.t. Alln. 302. 24'> 272 (18'18). 
Lh. lrnd tlscher .1!"j H O. L. fischer, Ber . .J7. Ib8 (l'Jl4). 
27. E. CIt'I1Hllt'I\~PIl <"tIll! A. H. C. Ht>-Itlllctll, Am. Chem. J. 42, 

31 '1·31U. 
/8 f. L.H"L!III,:. L'.m!, H,', 127. b'\ b7 (1891). 127. 188 IIJO 

( 18';/). 
;.>~. B. Holllll)(>r[. J. Pr C/"'fll 7',. Ih~ b/, It)ft1. 71. ;>'11. 
30. O. /.,:11.1(11. Ar,lI. It;~, .~5 (ie/ti). 
31. C. A. LotJfj elf' 8ruyrl 'l:'(j AII:Pf,ld -.1011 E .. Rt'c. Trd',l ChHll. 

.'0. J31 (I~lJI). 21, .lIU /Il (\YO!). 
3). k. Wr/tsLii.ter & I. KO!!w~tJ('rbPr, Ber. Sf>, 210/ (l'·12·~). 
:U. U, 'l,' tiL,cl t , AliI!. 193 .. -E) (lH/o). 
-<4. H. O. L '"cl.,·r & C.I rdube. Bl'r. ~Y, 8'>1 '>6 (1')/(') 
. ~~) H. U L. FI~cll(>r. D.IlJ~;~chdt, ,tlill Stpttlflt'r, Bpr h~), 1U.i/ lU.i/ 

II'H2). 
1f. Gf'rrTl.III P,lIl'llt l~~.~/h (lg04). 
-<7. A. 81str/yckl & G. PUl''horskl. fjpr ,j!" ~4cH Il") (1tl1,') 
~H. ~.~. A I1hlli'ps, J. Chern. Suc. (l(r . .!H),,1 fH (1). 

1'/ IJ <:...,. Pdtl"'!. /. ~K/A[f~ 
11(J. Brlt,',11 f',ttt'fit 'Il ~.()KI (l'f,p,) 
Ill. I Grlill,. '::-,."!I'.o~ 1"",1 rJl 11·j f,'1 " ~~) h (l't.1t~q. CA /~//", j 

( 1'1,\"). 

I 4? Stc'Jefl Kro;J .Hld H,lfry Guld. J. Am. Phdrrn. As.soc. 3.', 8b l-j 

(1"45). 
43. w. f. RI\<nr ""d Harry Gnld, J. Am I'h.HIll. Assoc. 31. 306312 ' 

(1'142). 
44 M Ilhorat, A. T .. "nd T OSC.HlI, V .. J. H,ol U1PIll .. 114 ( 1'136). 4b I. 
4'>. U.S. I'ateflt 2,1'>I.U'I/. 
46. U.S. Pdtent 2,382,86'> (1 '~42). 
47. U.S. Pateflt 2,320,087 (I'!41). 
48. U.S. Pate fit 2,342,73Y (1941). 
4'!. U.S. Pate"t 2,338,688 (1944). 
50. U.S. Pdte"t 2,338,689 (I '!44). 
51. J. D. Reid. Am. J. Hyg,ene 16.540 (1932). 
52. M. H. Fischer and W. J. Suer, Arch. Path. 17,615·19 (1934). ' 
53. N. Isgaryschew aod A. Pomera" .. evd, Kollold·Z 38,235. 
54. F. Takl'lenburg, C. A. 22, 2385 (192b). 
55. U.S. Pateot 1.059,740 (1913). 
56. B"tlsh patl'nt 183,813 (1922). 
57. British pateot 205,166 (1923). 
58. B"tlsh patent 277,414 (1927). 
'>'!. Germao patent 256,858 (1913). 
60. German pateot 260,897 (i 913). 
61. U.S. Pateot 2,532,283. 
h2. U.S. Patent 2,532,284. 
(,3. A. Breooer dod Grdce Riddell. J. Rese",ch NBS37, 31 (1946). 
f 4. Proc. Am. Electruplaters Suc. 33 (1'146). 
L5. U.S. I'dteot 2,2/0.712, W. H. Wood to IIM"s·Seybold· 

Puller Co. (1940). 
lob. U.S. I'atent 2,322,4'!4, A. F. W"tel dlllJ C.M. 131"" to 

Petrullte Corp. 
f'/. U.S. Patent 2,340,355. A.F. W"tel to Petrollte Corp. 
')8. British pateot 79?186(1'1:'8),N.'I. DeBat .. afsclle Petroleum. 
b'J. U.S. PdtcOt 2,311.6:>3, B. B. Farrington, R. K. Humph"es, 

(t[1(j R. 1. MdCOOlldid tu St.llldard Oil of C.lhforrllfi. 
70. Germdll patcnt 309,157 to Eleklro·Osmose Akl. Gos. 
71. Gprrndll pate lit J09,;'7:, to liektro·Osrnose Akl. Ges. 
12. Germdll pdtent 3U9.2 16 to Uektro·Osmose A.,1. Ges . 
73. British pateot 1/1.'1'>b 10 Ell'ktroch"nll,che Werke Gps. 
74. Germdll Pdt£'llt 3~U,:,Y3 to EII'ktrochernlsche Werkc (jPs. 

lb. Gprrn'lfl PdtPlit 3Hb,'JJO to [lec..tr()ctll.·IllI~che Wf'rkt' Gps. 
lb. lierm,lIl p<1h'llt 433,1 td to I.(~. f ,HtH'fllll\ltl~trH~ Alk. lips . 
II. Reid. J. D., AII",r. J.llyf'. E •. ',4U 556 (1'19). 
18 H.Hlld",.HOY, [J.Y. N"yud"""".,. J. Am. L,·.,tI,,·r CI "nllsts 

Ass·II., 'J2. bl (1 q~/). 
i't. ~1I'PIi. L. G. ;111<1 A. L rklftell. SLlbd!ty CUfl~Ll!lt!... of Mt'I.!1 

lUll COlllph.·)(('~. ~IH'Cl,d IJullll<":,1tl')l1 1 /, Lf)!ldofl: 
'11f' CIlI'rTlICdl Snul'ty. Bllrilllj,toll How,!" I 'Jh·l. 

HO Mll.IIJ1'.hl,ll, L. G .. ~"',ltL'flrJI~ l'rfJtf'd!!Jn, Vol ..', r~ti x. p~~'~ 
~;;. '.>4. '>1 ll'.lfd). 



• 

z . ,~ 54NfidS ~- u .. W sa----'·" 

• •• • • • •• • • • • • • • • • • • • · • • • • •• • • • • • • · • •• • • • 

• • . • • . . ... • • • ... 
• •• 

• • .. ... 

E. I. du Pont de Nemours & Co. (Inc.) 

Industrial and Biochemicals Department 
Wilmington, Delaware 19898 

SALES OFFICES 
PHILADELPHIA, PA. (suburban) 
308 East Lancaster Avenue ATLANTA. GA. 30326 
Wynl:ewood. Pa. 19096 3 ·~55 l "fHh R(} ld, N l 
215-878-2700 

·'04261·0'J22 

PllTSBURGH, PA. 15222 CHICAGO, ILl. 60632 
SUite 530. Four Gateway Center 1251 Soutt> Crawfurd Ave~u" 
412-471-5427 3122225000 

SAN FRANCISCO, CALIF. 94104 CLEVELAND, OHIO 44120 
120 Monteoll1ery Street 12ilOO ~"'lker Boull'varel 
415 391 7300 216,7':>27100 

IN CANADA 
HOUSTON. TEXAS 77027 

DU PUNI or CANADA. LTD. SUIte 1620 Post Oak lONer 
Hox 660, Montreal. P.Q. 713 6218800 

IN EUROPE 

• • • . • • • • • • • • 

• • • • • • • • • • • • ... 

NEW YORK. N.Y. 10001 
DU PUNT 91 N[MOURS INIERNATIONAL SA. J'JO r Itttl A\lt!nuf' 
lI'H'" BIJlld'''e~ I, Route de I'Arr .. 21:' 911 4000 

.,. 

; ; , 
, I, 
. , I 

G('III!Vd, SWltzt'rland 

; . 

T 

, 

------------_ .. __ ......... _ ...... 


