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ABSTRACT — Ty
Thlé document s an instructional module package
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the chemistry of water stabilization and familiar with control of
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-guides, student handouts and transparency masters. The module L

. considers the stability analysis of a water, the chemistry of scale.
formation, and .the chemistry of corrosion and corrosion control. v
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Page 1. of _

Advanced Stab1]1zat1on isia tradying modu]e for water ‘treatment operators. y
It.is prepared in obJe§t1Ve formjand is inténded for an ihstructor familiar
with stab1]1zat1on and corrosion/ control. "Upan comp]et1o ‘of this module
-the gart1c1pant shou]dvhavg

of s ab1]1zat1on and cprro§1on chemistry and control mefhods. Participants
should have prior background im the subject, e.g. compfetion of the Basic
Stabilization or knowlédge of [that. subject matter plus\adequate background
in water chemistry. Tdka] contact time willibe 10.0 hoyrs. The instructor
should have F bTack board, 0 erhead prOJg\tor and a 2 x stHe‘prOJector
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Module No: 7+ 4 |Module Title: - AT \
) . [ 3 . . .. ,;f/a . , ‘1‘ 4’[ .
. ~ . 1' . . .Q ‘ ",-". . ‘f\'\' ". A ‘ \ ‘
T13ADHS . ~ |Advar’ced Stab1]1eat1oq / SR B P X
‘ Submodule Title:. . '
Approx: Time: - B S S e \ o
. Topic:™ - ¢ .. . . . 7\ -
* 10.0 hours ‘ ' . o . ‘
- ~ Summary ) b e N

Objectives : Upon comp}et1on of this modu]e the part1c1pant
1. Describe and condutt a stab]]1ty analysis of a water. .
2.. Explain the chemistry of scale formation and the chem1s Yy of its

control, Br prevention. -

\\3. Explain the fundamental chem‘stry of corros1o‘ and’ corrodion .

“control measures. / e -
. Recognize and describe spec1a] re]ated concerns 1n water systems.

T’ ’ ',l \. _/
> RN o /

N < - >~ N
- I
Instruct1ona1 Akgs . . '{ )

4 . L . °
Handoyts X v g . I
Transparencies -~ ° o ! . o
3 [N B N : 4 . A ' C . .

. . ‘ , ‘ o .
‘ . . ,
. . . \ D ‘ \
. : . Ve e "L
- " — - ) — ' e
Instructional Approach: . . . ' , *o- \,
S 3 - ~ N " v
“Discussion - . -
Case Studies, . . - L. Ve
. . # - | ,
a \ ) “ \ \
. , £ c ! '
. AN \ a . ~
£ ’ N [ cn
References: v

1.- New York Hea1th Department Manual of Instruction for Water Treatment -]
Plant-Operators, Health Education Service.

L 2. American Vater Yorks Association, Basic Water Treatment Qperator 'S
Manual,, AWWA No. M18, 1971.

3. Standard hethods for the Examination of Vater & Wastewater, ]4th Ed1t1ed

-4, Articles from the water supply literature. . 0

5.- Sawyer [C.N. & McCarty P., Chemistry for Sanatary E491neers

—

Class Ass1gnments - ' L . >
Readings S L
Some case stud1es and/or c]ass prob]ems P AN

v
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ModuleMod ~  |Module Title: =7 - :
skl | Advance‘a Stab1hzat1on ' L
_ P SwnoduTe Title: . . .
Approgl Timel: -~ Lo / "y ) Cs .' : .
: | Topict 7 ) : e .
J.O hour ' ~ ! - {/
Lt Introduct1on’and Review // “ . SN

Objectilves: n completion of th1s ‘topic, tﬁe part1c1pant will be able to

n_

1. Discuss sgale formation and its copcerns. . \ o
2. D1\cuss é rrosion and corro$ion concerns. )
3. Descr1be ¢ e.applicable water chem1stry parameters and concepts.

\ \
\ R ’
. \ (K] \ d
Instruct1ona1 Aids -
s . : ! R '
Handouts ‘ ‘// : ’ A < .
Transpare cie% .
. 1 .l
e - )
IS t ‘. f - ! ~
\ .
R £
Instruct1ona Approac v - : . '
fiscussion® . ) w
8 " 3
. 1 . A
’ . B .

References:

1. New York Health De rtment Manual of Instruct1on for Water Treatment ,
Plant Operators Hea1th Education Service.:-

2. American ¥ ter HorHF Assoc1at1on, "Basic Uater Treatment Operator s
Manua- , AWWA No.\ M18, 1971." . . ~
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Module No: Topic:

113ADHS

L "}

"’Intﬁéauction and Review - S

-

a -
. \e 3

.

~ 3 ’ 7/
Instructor Notes:-

~

L'

*Instruéﬁor Outliﬁe:

]
+

\

S V\\-TRAN;fAS-l

Stability-Deposition
\ . .

o'

TRANS AS-2"
. Corrosion

~

, e N °
1. Biscuss:scale formation and its concerns.
¢+ Stress the i
on the wafb

act-of the scale Fbrmat1on

-

system operat1on

2. Ask part1c1pants to relate typ1ca] exper-

-

iences fronm the1r system

3. DisCuss corrosion and corrosiPn concerns.
Stress the impact on .the water system

4

Note:

operation. -

‘

Aftempt'tolobtqbn pipe
and fittings examples of depo-

. sition and corrosion for ctass
‘use.

4. Ask participants to relate typical corro«
" sion p?obrems from the?FLexperience.

5. Discuss the pr1mary water, qua]1ty para-

TRANS AS-3

. %

Water,Qua]ity'Paramgters
TRANS AS-4 '
Water Softening

o
-

TRANS AS=5 °
‘Form§ of A]Ka]inity
’ ?
o -
3
&
¢
a .
L™ L
.) v’/‘ -

meters of concern

4y -

6. Discuss- the water quality ch\pge with
stten1ng Stress the quality character-

1st1cs of the treated water

" 7. Discuss the forms of a]ka}inity and the
role of pH. Discuss pH + pOH equals.14
.and how one can obtain the OH™ concentra-
tion. Relate the plot to softening and

-pH control of f1n1shed‘waters

-

s

?
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Module No: ModuTe Title: ’ - S
113A0HW . . . . ’ '
ADHS " .- | Advanced Stabilization ) . R
{Subinodale Title: - > o
b . ) v ~ : vj-. T
Approg. Time: ' A S .
' - Topte: T T T 7
2.0 hours - ' . .
Depos1t1on ;Ana]ys1s and Control

Objectives: ‘Upon comp]3t1pn of this top1c, the participant will be ab1e to
1. Describe sleb1]1ty product concepts regard1ng typical water scale.
formation and the factors affegting it. '

»

2. Describe the fundamentals of stability analysis of a water.” |
3." Discuss recarbonation chemistry, ! - -
4. Describe -the chemistry of chelate action 1nvo]v1ng phosphate
compounds and other chefnicals. !
o0 P /
. ) o ’ ¢ |
' /" *
Instructional Aids: . ‘ T o R
Handouts ° . ¢ . ‘ ,
Article reprints * .
Transparencies o
‘ ,' / ° . . ‘ . ' \' - i A

v ]
Instructional Approach: -
Discussion .

References:

- -

1. Sawyer C N. & McCarty P., Chemlstﬂy for Sanitary Engwneers
2. Art1c)es in* the literature.
‘ l

)

¢
ot L4

C]ass As;1gnmeqts .

A \
Read1ngs\\ - . : ‘
TYp1ca1 stability index calculations.

J . N © “ g , )
. . ‘ g \\\-

-

N J)
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Modu]e.No: ) . Top1c2// Deposition: Analysis and Control
4 - 113ADWS g T . _
’ -\ . bl
‘ ) A Y - N ] =
Instructor Notes: =~ » Instructot Outline: -
- N 5 v . ' ' .
) TRANS AS-6 .. C . Discuss equ1]1br1um and.so]ub1]1ty product
d . Caco3 Equﬂ‘ibriu“m pH \ concepts ' 7_
o _Note: *1. Review or present the | . -a. CaCO3 system -
. sample problems from b. Cite oth
. ’ . the Basic Module. - Cite other amp]ei €.g.
) - 2. Use data from plants _ Ca(OH)2 .+ 20H
. : , . ‘represented and ana- " CaF c + 2F
\ lyze it for an examplej - a 2"77 a++ .
: evaluation., . (OH)3‘L-"-Fe « + 30H
5' - . TRANS AS-7 2. Discuss the stability analysis of water
o \ s . . -
_ Saturation p . a..Saturation pH ]
" -TRANS AS-8 . .
Saturation pH - L-B Diagram b. Calculation me?hods
. TRANS AS-9 . c. Emperical pature of indices R
" Stability Indices « d. Interpretation of indices
' TRANS AS-10 ’ . e% Laboratory,analysis '
' .. Ryznar Index , f. Distribution -system checks
TRANS AS-1] . . s ‘ras .
5 Stability Index’- Sample Prob 1. Observe piping, f1tt1ngs, and
. TRANS AS-12 . coupons -~
©© Marble Test i 2. Mon1tor a]ka]1>1ty change 1
VL . TRANS"AS4]3 -] 3. Discuss recarbonation -
: Recarbonation . * .a. How and why it is used
IS R »
N A : . . b.. Importance of pH control depending
{ o . ‘ﬁﬁ } _*  on purpose
. - 3 - - 1 , t.t A
LY (’ . - 3 4 ‘ N.»,\S;wcoz quan‘1 €Sy r ‘ ‘
. TRANS AS-14} .| 4. Discuss chelate action / .
Che]atfhg Sompoynds a. Calcium tie-up ahead of filters and
~ “ N .. - . .
' distributing CaC0, in distribution
. g - systems ° 4/’ -
A - ,f : - b. Ferrous iron. Prevents déposits of
B N L iron.’ qusnit’prevent corrosion.
ee réference ért'c]e c. Note reversion of polyphosphaite to
-~ " by Ralston 9 orthophosphate and temperature role.
- f .1() , d. Phosphomates - an industrial example




‘ < t - Page 7 __of
TModute No: " |Module Title: I L
I113ADWS - ‘Advanced Stabilization J ‘ - :
' "+ [Submodule Title: = -~ .

Appéox. Times ~ R _ . ' : ‘ -
) : Topic: . N ‘if
2.0 hours ' ' |

* Corros1on Chemistry .. j

ObJect1ves‘ Upon comp]et1on of. .this top1c the part1c1pant W11] be ab]e to:,

.

..‘°

—4s~ Describe the "FundaX
apd .galvanic ‘corros
D1scu§s and describe
of coupons and probes.

n and factors involved.

ethods of corros1on detection 1nc]ud1ng the use™
>

2.

3. ldentify special corrosion concerns, e.g. copper.
.8 \\ . ‘
rd 4 7
(bl
¥ ~
. . - N
PN !
Instructional Aids: - ) . .
Handouts . ) ' .
Transparencies Co - .
. _ ) N .

> -

Instructional Apéroaqh:‘,

Discussion .o - o i _—_— .
. ’l v , ”»
- GO .
References: ' ' , '
", - Doe / )
1. Articles from literature. ~ = x *
P , ’ . .
’ ' P .
[ 4 v
° ) -
’1- - . L3 .
J Class Assignments: . - . ’ . - \
. Readings ' e -
. _ .
11 "
, )4

. - ‘e
. R Y I B TR T T TR TR e B AN, T N L S T TS T TR IR Y ST e R T T -
- ' M L ”




A

< s &
> Iy \ r ¢
. . : Page” 8 - _ of, ;'
odule No:- Topic T ) . . _; o .
o i Corrosion Chemistry LN
II3ADWS e ‘ § Q Lo
‘Instructor Nbtes:. Instroctoﬁ Oufline: . . :1 “i R

~

TRANS AS-15,
Types of Corrosion Cells

%

e
A
TRANS AS- ]6
N .. CorrOSTon Ce]]
TRANS AS-17
E]ec;rochemicaf Corrosion

TRANS AS-18
. Galvanic Series -

\J .

TRANS AS-19
Coupon:Evaluation «
See Mullen & Ritter Article.
VT Cod

2y

TRANS™AS=21-""
Material Selection-Corrosion

+ : ) 2

1. Discuss ‘types of corrosion cells. = = _ .

-

N
5.°
.

EmphasiZe&gatvaniéiand digferential .
2 D1scuss Fundamenta] chem1stry.of d1fferen- T
R

t1a1 aerat1on cell. ' Lo

v

aeration cells.

a. Role of oxygen in removnng H f11m 5

b. Role of iron, prec1p1tat1on to 1ntpease '
flow of Fe ,i ° ’ . e

c. Note types of“iron precipitates ) o

d. Comment on/éd¥ect of protective film

urface e.g.<Cac0y ~ .

over the

e. Effect f- f]ow ve]oc1ty - remove pro-

ducts -D0 increase - Z b

-

,f. P1ttnng and unﬁfonm corros1on concepts ’

\

3. D1scuss the gaﬂvan1c series,
"a. HWhat corrodes? Current-f1ow. Examé§és

&+

of prob]ems s ‘| -

'b. How wouid you select a meta] asa -
sacrificial anode?

A IR - - , ;
. . n

4. Discuss‘corrosion detection | e -
a. Usé of coupons and probes and measure-

" oments - - : RE RN
b. Study of pipe sections, fittings
. c. Note-observations of sta1n1ng, and

‘ red water ‘d‘{ ~, 5
_ d. Mopitor Fe concentratvonﬁr
/

,Discuss some gpecial cqrrosion problems from
imstructor’s eXp::ignce and references.

*"Note Material Se‘eccion Pransparency ~
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ModuTe No: 'TOF”C: Corrosion themistr'y
TI3ADUS : .
Instructor Notés: . Instructor Outline: ‘
4 . . .
S A a. Dezincifitation
¥ b. Graphitization E "
K c. Copper cor‘rosion.- blue-green staining
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Module Title:

P4l

Module No: .
13RS Advanced Stabilization =~

Submodule Title:®

rox. Time: o , 3 ' .
B .
R Topici . -
.o - N ) . .
s ' ~~ . T
* 2.0 hours Corrosion Control ; ! )\.‘
Objectives: - “Upon comp]etion of this topic, the partictpant will be able to
. . by
-1, Describe the use of controlled CaCO3 deposition.. .
2. Describe the chemistry of inhibitors. - ) -,
3. Describe cathodic protection. : : -
. 4. Discuss mater1a] se]ect1on as an alternative approach .
s o /
Instructional Aids:™  ° o . X . .
Handouts T ’ . S o .
Reprints . . , . - .
Transparencies " S \ ' :
» . R rd
¢ S : . KN Moo
Instructional Approach: - : T LN
Discussion ’ . -
t - > / N I3 .

"0 ) ! ' )
Referencés: ) X -t ) .' - . 52 .
., - ‘ 3 i

- ‘ -3
1. -Articles from literature. , ‘.
2. Data from chem1ca] and "equipment, compan1es
v ’ N 2 -
- v . 4
Class Assignments: K 7 . - 3
Readings D : e e Y
. ) | Fy
. * 1Y
o . 'a,p\‘
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' ‘ A, 3 ; : ) -
~/ ° * . ’ ¥ ‘.‘. ]] t . ‘v n/ .‘
- ' ) - Page S /g - — :
J ?odu]e No: ~_| Topic: Corrosion Control <; ‘|
II3ADWS . ) ) .
’ ) Instructor Notes: ' Instructor Oufline:l'
, i . . S
" TRANS AS-20 1. Review approaches to cerrosion control
Approaches to Corrosion Control LT
o p? 2. Discuss use of alkali addition and poly- -
» . Lt 4 ’ phosphates to deposit a protect1ve CaCO3
film. Ment1on use of indices. .
hn Seé-Mu]]en-Ritt@r Artigle - | 3. Describe the use of corrosion 1nhibitofs
) P .
Use Mullen-Ritter article as an examp]e
- © . 1, ‘Include discussion of ~ p
X .7 . . a. Zinc - orthophosphates
| | R p >\\\\\\ . ' _ b. Phosphate Qn1y_- hjgh Fonc. 1imitatipns
2 ‘ : ~1° - . of water quality standards,
\ ~ * P c. Check with participants for their.
L experiences'
TRANS AS-21 ‘ 4, D1scuss ma er1a] se]egt1on - . v
¢ Material-Selection A Ro]é”of ifferent metals & alloys
) Use of PVC p]ast1c, asbestos cement-
) N : and cinc ete
o c. Use.of ljners e.g. cems:t
- ‘ B - ) d.,QSe of coatings, Paints .
. TRANS 'AS-22 "+ | 5. Discuss cathodic protection )
Cathodic Protection . | = a. Use of galvanic anodes
i b. Usé of eTectro]ytlc anode ’
\ - - e c. Cite examples e.g. water storage,
' S s piping, plant units "
I ud B d. Ask for participant experience
U AR ‘ . 4 AR I S .
. ¢
\ * -
0 .
. —- . 15 .
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Module No: : Module Title:
113ADHS * IAdvanced Stabilization

W ubmodule Title:

Approx. Time: - . : SN

Topic: = - - . ; ‘
2.0 hours ‘ . . - ' <0 v
T . Special.Topics . - Ty

¢ . : 2

Objectives:ypon completion of this topic, the"pérticipant§wﬂgl.5e able ‘to

A ; 'r-k;
J. Discuss the iron bacteria problem. . \ .
2. Describe sulfate breakdown and.HS problems. - .
3. Discuss ext§rnal pipe corrosion. ' "»h-\ N
4. Discuss weld problems in scale and corrosion contro] K
\ i _
- _ Y ... /. ) - .
/-—
Instructional Aids: ~ =~ . * T a
~ Handoutg : " PR L
Transparencies ' . i . ) e
L3 r ﬁl
ag., s ‘9
Instructional Approach: - _ ‘ . L
Discussion ) i
‘Case Study
9 . - - /
References:
1. Sawyer, C.N. & McCarty P., Chem1stry for Sanitary Engineers. * -

2. Articles from the literature.
P L : ~

T e,

Class Assﬁgnménts:

Reédingé

- Case Studies ' P !
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Module. No: ‘ . .| Topic: Spécia] Topicé S
1,. II3ADNS , h ‘ - _ P
Instructor Notesﬁ' “o7 7 I'Instructor Outline® i, . . 7
Y \ . B
- N -
TRANS*AS-23 | 1. Discuss bacterial action , - Lo

Bacteria] Action.

-

Note: Cast Iron Pipe Research
A has handout material

and iovisual material avail-
able. They make presentations.

See Babbitt, Doland &5Cleasby

.
-

°

~\ Q]L -- ‘ . .\

a. Iron bacteria - incidence, deposits, L
contro] via ch]or1nat1on and ‘copper
su]fate :

b. Sulfate breakdown and potéht1a] for it - .
low flow’ anaerobic areas. Po$s1b1e aclq

"

formation . !

2. Discuss external corrosion
a. What factors are involved?
b. Methods of protect1on

3. D1scuss well prob]ems with dep051t1on,
corrosion and iron backeria

4. Analyze well prob}em e study .
, "'\..,
3
. - e “
2 . z . 3
- . < . R
. .
X - /. . .
® i ")‘}\ =,
[} 1
e S~ N
i
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t Fluordide feeQLng, p§72=73l N

* Iron and Manganese, p.378-396

- Clorine Feeding, p. 45-58
Iron & Manganese Contro]
59-62 °

Sca11ng & Corrosion Control,
p.63-68

A ~
AR
A Y

Softening p.171-78

Corrosion & corrosion contrel,
p.197-207 . A *

Fluoride depos1t1on, p.214- 15
. Operation & Ma1ntenance of

—

P]ant Structures, p. 234
Marb]’e Test, p. 28] -83 ‘5

A 3

Filters®in Softening Plants, °
p.277-78

Corrosion Phenomena - Causes
and Cures, p.295- 312

Chemistry of the Lime-Soda . _
. Process; p.313-39 i

Hydrof]ue\}]1c1c Acid, 419-20
Nuisance organisms, p.494

¢ . Eh

Wells, p,60~67 73- 77 |
Meta1]1c Corrosioh, p.274-88
Recarbonat1on, p.514-88

Misc. methgds of treat., p.
Ry 77

A

JDistribition Systems, 219-20f.'

-,
&

R S ) )
AWWA, Basic Water Treatment Operator's ' . . !
Manua], AWWA No.M18, 71971 : !

-

N

.'/' . > ’ R ~ . &:

»

N.Y. Dept of Hea]th Manua] of Instruct1on
for Water Treatment Plant Operators, .
Health-Educ. Service, N.Y.; )

? i . ;
.
. . s
.
.

~

ANNA Inc. Water Qua]1ty and Ireatment,
3rd Edit. McGraw H1]], ]97]

“

Babbitt, H.E., Doland, J.J., Cleasby, J.L. . 2
Watér Supply Engineering, 1962 . *
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Calcium Carbonaté‘Saturation, Amer. Public Hea]th'Assoc:, Standard Methods
p. 61-63 For the Examination off Water and Waste-
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Chemical equilibria, p.31-38,- | Sawyer, C.N. & McCartys P.L., Chemistry for
p.59 - Sanitary Engineersy 2nd Edit, 1967"
A]ka]1n1ty, p. 327-39 . R
Hardness, p.347-355 A
Water Softening, p.356-62 %
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'A '\\ 19}/ :

©




h ~ A

Inhlbmng Water Formed Deposns
.1 . with Threshold Composmon;

..\

’ P.H. RALSTON, Calgon Corp., {’in‘sﬁurgh, Pa. : .
. ‘ - .
ATER used in commercial applications is not pure ost — —
H20 but contains a var}et_y of anions, cations, dissolved "—°\!_\c/ .
gases, and particulate Thatter. When this aqueous raw w0’ X
material is concentrated, hlended, pressurized, seeded or pH ’ i ‘ ] _o—wm
adjusted, combinations of séale forming anions and cations. : p—C e .o—__ c“i\o_n
can exceed their solubility limit, and water formed deposits ’ / : I | ‘ b _o — l °
. occur. These. water formed deposits may be reduced or - *~O°~, __ N No—u o
- _ eliminated by the removal of undesirable anions or cations u—o-" N %] ~
in precipitation or jon exchange reactions. Often the - s .. T Y . . _
deposition can be controlled by pH adjustment or reduc- ’ L_ ; _ .

tion of the number of concentration cycles. However, in

. many industrig] applications; these! alternatiyes are expen-
sive or impractical. On the other hand, treatment of the
‘problem water with small amounts of, certain chemical
compositions can be an effective and econdmical solution.
This chemical process has been termed threshold treatment,
and treatment rates of 0.1 to 10 mg/l have been called
threshold concentrations.

. /
. Aminomethylenephosphonate (AMP)

A"
. Organic Threshold lnhnbxtors
Four general types of organic threshold inhibitors have
beest foulid ‘particularly useful in controlling water formed
deposits. Three' of these compositions are phosphorus
bearing and are classed as phosphonates, diphosphowtes,
. and phosphate esters. The fourth type contains no phos-
phorus and is a polyacrylate.
The most representative and most widely applied
. phosphonates 4fe the. family of aminomethylenephos-
1~ phonates (AMP) with their .

L ) . -

\ . N-C—-P-O~ . |

AU U A NP S ‘
L ) -

Y

| . linkage. In the empirical formula (Figure 1), M reptesent

i ' monova]ent metal, hydrogen or amnfonipm group. Whe|§

B = 0, the structure yepresents the monoammomethylen -
\‘ .

| EMC - . '

. .
. v
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phosphonate (AMP-0). Wlth n = 1, the structure is $he ; — -
ethylencd:ammomcthylchc phos‘phomc acid (AMP-1). Poly- | . | *=
mers at least as high as AMP-5 have. been found to be \ | c._¢ :
effective threshold inhibitors, . e \ - I | ,

The diphosphonates are characterized by : - ' e——0 * -
g R A R N
ALy R : 0 .
RN . |
. M n ’
bondmg arrangement The 1 hxdroxyethyhdene 1, diphos- s ks )
phonate (HEDP) sometimes referred td as ethanol diphos- L . Polyactylate B .
phonate (EDP)‘ns the mpst gepresgntative of the diphos- | . - - ¢
phonates (Fjgure 1). In the formula, M represents hydro- - ] .
| .. gen, monovalent metal; or an ammonium group. o o o
e The phosphate esters have the’phosphorus in a ” si” "
- o : . M—]O0—pP+4—0—p—rij0—M
-t | " . ] - \ I . | , .
-C-0-P- - o |. o -} & -
. ! I - | |
. . arrangement. The phosphate ester evaluated in this study _ - ! - M M, B e
" was an amine phosphate (Figure 1). The M represents ’ . \ —. e N
hydrogen, a monovalent metal, or ammonium g,roup, Risa ‘ \ Po'yphosphate .

. hydrocarbon moiety. Dependmg on the synthesis proce-
dure, n may be, 0 or more, and inorganic phosphates or
polyphosphates may be present as by-products. Approxi-
mately 50% of the phosphorus contea{%f the est¥r ﬁSed in
this study was present in the orthophosphate form.

. The nonphosphorus bearing threshold inhibitots have
been known for many );ears."2 Long cham polymers
containing repeating carboxy groups have been the most

(‘; widely used. Presently, the low™ molecular weight poly- .
acrylates are the most representative threshold mhlbltors of

§ .

[ —_

< Chemr“ 1 structure of polyacrylate and polyphosphate.
- i P

. . W
hosphonates, phfasphate esters, and polyacryla€s- have
hl structuraliand chemical characteristicsfof the .in-
organic threshold dompositions. All of the pho, pho-organi&
compgqsitions can ve multi-groups of

i

- 24
-~ .. the nonphosphorys type. These polyacrylates have repeat- ) lu ] ,
ing polymenigmt\s of - . . V7 - "' ,—OH S 7
- e . . L . * ) . > *
. N R P : in commbn with the inorganic polyph-ogpéatés. On the
. . _(i_?— o ' other Ihnd the polyatrylates have Tepeating . ? .
. ¢c=0}. ¢ -y o o
, - In Figure 2, M represents hydrogen, monovalent metal, or R ;IJ:—OH -
“ammonium groups; n may vary from <10 to >10,000 ~
repeating units. . . ) .- groups. N . & .
’ P The organic threthold inhibitors, jike the inorganic

*

polyphgsphates, inhibit| alkaline earth metal scales at less

Inorganic Threshold Inhibitors than stoichiometric cqnicentrations. At fffective xhreshold

. The inorganic polyphosphates are prepared by molecu-

.

Common Threshold Properties
Q The organic threshold mhnbntors-phOSphonates dn- treated solutions (Figure 3),

'ERIC - | 21~ -

.
Aruitoxt provided by Eic: .
. . . .

-

-

v

. o treatment rates of 1 mgyl or less, molpr ratios of 1° part
larly dehydrating appropriate ‘orthophosphates and have a inhibitor/300 to 10,0 0, parts. cation_ion “are present. At
. repeating - ? .. these ratios (far beloWw a’ mole to mole stoichiometric
. T s - P relationship), suppressn ‘ of n&lel grbwth can only be
T ! . _g_o_g: L explained by a surface ﬂnomenon o a
) 1 ’, Organic andemor ic threshold inhibitors modlfy
L SR crystal growth at less t ah optimum tHreshold concentra-
structure. The M in the polyphosphate formula (.F.Igure 2) © tions. When crystallization is almost completely inhibited, %
. represents,a monovalent metal, hydrogen, or ammonium the crystallifes are markedl reauced in t{uzpber enlarged in
. group. The orthophosphate, a'nonpolyphosphate form, and size, dnd grossly deformed. \ s b .
an ineffective threshold inhibitor, exists when n = 0. The In the laboratory, c,al\clum carbonate crystals were
shortest polyphosphate polymer, pyrophosphate (PP-1), allowed to develop in stipersaturated S lutlons containng
( : exists when n = 1 and has a crystalline form. When n’is subthreshold levels of organic phosphe nate (AMP-0), di-
’ greater than about 3, the jproducts are glassy polyphos- phosphofiate (HEDP), pHosphate ester (AP), and inorganic
phates. i 7 N polyphosphate (PP—!Z) e small, regular rhombohedrons
obtamed from the untreated solution !contrast. with the °

-

U"

- laxger, rounder, distorted| crystals formcd in fhe threshold )
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Figlre 3 — Calcium carbonate {CaCO,3) crystéllized in the presence
of a) no inhibitor, b} polyphosphate, c} phosphonate (AMP-0), d)
diphosphonate (HEDP), and e} amine phosphate {AP),

" -
A
;

The organic threshold scale in'hiﬁt’ors, like the in-
organic polyphosphates, are also useful corrosion inhibitors.
Used alone or in combination with zinc or chromate, they
effectively inhibit the oxygen corrosion of ferrous and
nonferrous metals. Moreover, the organo-phosphorus
threshold inhibitors, like their inorganic progenitors, have
excellent sequestering properties. At concentrations in the
stoichiometric range, the organic compositions chelate,
multivatent cations in a soluble complex in competrtron
with scale formmg anions. -

N -

.

~ »

Laboratory Evalpations
The polymeric nature of the inorganic and organic
threshold compositions results in a multiplicity of possible

" products. As potential scale inhibitors, they can be evalu-~ Hydrated Iron Oxzde Stablllzatzon

“~ ated in the laboratory under controlled conditions and for
particiolar types of scale. §creenmg tests could involve
—dispersing or flocculating the solids or cond‘rtioning the
particulafe make them nor;adheren‘t. However, in this

or mhrbrt the original precrprtar“on by the
A\thres)old mechanism.

he laboratory screemng t for cdlcium sulfate

:) invélved a stagpant, 24 hr *storag:j)eriod at 66 C (150 F)

with the ‘scale forting constituents at several times their

normal saturation level. The}supersaturation was developed

by co-mixing solutions of sodium sulfate and calcium

chloride. The inhibitor tre rpeni was added to the scale

. forming anion solution priorfto the addition of the scale

forming cation solution. - e

The temperature and scale saturation levels were higher
than encountered in most cooling water applications but
were congsidered appropriate for a rapid screening ‘test.
Several thoysand milligrams/liter of sodium and chloride
ion were present as a result of the supersaturation tech-

. nique,- but such‘soluble ions are present in commercial
cooling waters —

The. effectrveness of the ghreshold scale mhrbrtron was
determined by titration Of the soluble scale forming cation
using the Schwarzenbach Method- (EDTA). Titration’
‘volumes representing the total calcium ion present (V),

Q calcrum ion present in the absence of mhrbrtor Vo),

L

; : '
and in the, presence
inhibition data.

*'o?\{hfﬁito_r (VE) wield percent
VE - Vo
Vr-Vo

X 100 = % inhibition

One hundred percent inhitntion reprcsented no deposition
of scale, while 0% inhibition representgd precipitation when
* no inhibitor treatment was present

1 ¢

CaIczum Sulfate Smbrlzzanon

" Foyr sodium po]yacryﬁte polymers were eva]uated as

calcium sulfate infibitors. The n-values of these acrylates
were ‘gpproximately 10 25 50, and .100; the theoretical
calcium:sulfate concentration in the test solutions was 6800
mg/l. This%is 2.3X ‘the contrel (uninhibited) concentration
of 2960 mg/l: CaSO, after 24 hrs of stagnant storage (150
-F). . - - v

Experimentaffvcalcium sulfate inhibitipn data for the
four sodium acrylate polymers show that th& shortest
acrylate polymer, n ~10, was an effective inhibitor for
controlling” CaSO,4 - 2H, O deposits. One hundred percent

* inhibition was obtained at an inHibitor treatment rate of

. about 2.8°mg/l of actrve sodrum polyacrylate. The poly-
acrylate with n ~25" was much less effective, while the
lughc:...mo]ecular weight polymers showed very poor cil-
cium sulfate inhibition.

Other orgamc threshold compositions were evaluated
by tle<same test. method. The following concentrations of
100% “activesinhibitor (as the acid) were required to give
TOO% m}pbrtron of caleium sulfare depositidn (in those
caes where_ comple.te stabrlrzatron was ndt obtained, the
exper;rr'\gn&al perce,n} inhibition is noted in pdrentheses):
phosph8nate (AMP—]) 1.5 mg/l; amine phosphate-(AP), 1.6
mg/l; p yphosphate (n 2), 7. 5"ﬁg/l,
diphosphonate (HEDP) 30.0, mg/l, (20%)

Both the organic and morgamc threshold compositions
inhibit the development of hydrated irorf oxide (ferrrc
" hydroxide). W}ule/fire molar ratios of inhibitor to iron aré
not as dramatrc as in the c of calcium sulfate and
calcium, carbona’te the inhibitofs do an effective job’n tl’;g
thrcshold\treatmdnt range of JAo 2 mg/l.> . .

. -The iron stabilization,test was.carried qut at 25 C‘(77
F) in water containing 4 grain/gal hardness as CaCO3 and 2
mg/l Fe. The iron was added to the water in the ferrous
form; the. pH was adjusted to 6.7 0225 tog promote
oxidation to.the ferri¢ form ,.and the samples were stored
. for 18 hrs. At the end of the test period, the iron bearing
waters were filtered, acrdrfred and_analyzed for iron by
atomic adsorption. 'Fhe organic} and inorganic (hreshold
inhibitors were added as 100% active agents (as agid) except
in the case of the gl te"polymer (n ~1«0)_which was
present in the neut orm. v
The iron stabl ation test showed that at a | mgfl
treatment rate, th ammq;nethylenephoSpﬁonate (AMP-O)
. and the drphosph nate (HEDP) gave 90% stabilization of 2
rgg/] ,E'& The 1norgamc polyphosphate (PB-12)_requued
“dbout 2 megfl for this stabilizatfon level. The amine
phosphate (AP) gave 50%. inhibition at 3 mg/l_treatment
rates, and the polyacrylate (n ~10) was considerably less
effective. . & . .

Calcium Carbonate Stabilization . -

~

N

. Calcium carbopate-deposits are the most prevalent scale

22 f) o .l: e

¢

(90%); /} . -

3

<

.

N

-




. phpsphon te (AMP-0, 1 2), the diphosphonate (HEDP), as effective on calcium carbonate as the organic composi- N

\ﬂsﬁveﬁectwe mhlbxted calcium carbonate in the short zinc ion on polyphosphate performance suggested that the
tex’ screening, dests. However in many industrial applica- polyphosphate ’reversidn rate had been reduced. -
tlons the threshold compositions must be effective over This effect of zinc jons on polyphosphate reversion :
ng pertods of time at elevated temperatures. Likewise, (Tates was investigatéd in laboratory storage tests. Synthetic c
\x%threshold scale inhibitors are regularly used in cooling water (700 mg/l solids, 95 mg/l Ca**, 20 mg/l
combihation with corrosion imhibitor systems, compati- Mg**, 100 mg/l HCO;") was sterilized to eliminate bacte- -
bility with Zn** and chromates 15 required. Organic . Triological variables, and treatment levels of 15 mg/T poly- -
biocides 6r chlorin®or solid calcium carbonate *‘seed.’ are phosphate (PP:12) and 3 mg/l Zn** were added. The waters «
often present in threshold treated waters, and compatibility were stored in stoppered glass flasks at*93 F 0.5 with
g5 desirable and often mandatory. The influence of these solution pIl values maintained at 7.3 #0.2. The ortho-

‘ The inorganic polyphosphates tend to degrade slowly’ treated water showed 28% orthophosphate after 1 wegk
to the orthophosphate form. This reversion product has no and 45% orthophosphate after 2 weeks. The solutibn
threshold inhibiting properties and 1s 2 source .of potential . treated with polyphosphate (PP-12)-Zn** contained I3 and
calcium phosphate deposition. Elevated temperatures, 20% orthophosghate. The addition of 3 mgfl Zn** to the
acidic pH levels, bacteriologic growth, and time act to . polthosphate solution doubled its effective life. Under khe
promote this reversion. Same concentration and storage conditiorns, waters trealed

The effectiveness of four threshold mhlbxtors amino~ with AMP-0 and Zn** contained only about 1% ortho-

\methyﬁnephosphonaté’ (AMPO),. diphosphonate (HEDP), phosphate. e
amine phosphate (AP), &nd polyphosphate (PP-12)-1n . ' .
stabilizing calcium carbonate was determined over an  Compatibility with Cr*é
extended test interval, The standard screening test (150 F, Many cooling wateér corrosion inhibitors contain
4X saturation) was used, inhibitor treatment levels‘were the* chromates or dxchromates and threshold.scale control must
minimum concentrations which would, give complete inhibi- # be effective in the presence of this environment. The four

_ERIC" 7 L . g L
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Lémponent in industrial cooling waters because of the \,polyﬁhosphdte,(PP-'h) cﬂccj‘neness was reduced to 10%. | S
thermd), Aanstabilpty of bicarbunate v.dtus during cooling mhibiyion after 7 days. The amine phosphate (AP) stabiliza- -

) tower, gperation. Several of the orgamic and inorganic tion efficiency leveled off at about 80% caluium sarbonate *

. threshold inhibitors are excellent caluum carbonate inhibifton for at least 10 days. Both the phosphonate
inhibitors. The perfurmance of four puly meric forms ofthe * (AMP-0) and the diphosphonate (HEDP) exhibited 97 to ,
aminomethylenephosphonate fumily (AMP-0 1o AMP-5) 100% inhibition-after 22 days. . )
were obtained in a 24-hr static test cycle (150 F) similar to The loss of calcium carbopate inhibition in the B
the dne previously described. The calaum carbonhte presence of the polyphosphate (RP-12) can be correlated '
copcc.n‘tration was 100 mg/l (4X the control saturation of with the solution degradation of the poly phusphate, On the
25 mg/l CaCO;), the original pH was 10 to 10,4. Small other hand, the organic threshold inhibitors gave Iittle or no ,
amounts of sodium and chloride ion were present from the indication of reduced \a]uum carbonate inhibition with
co-milture of sodium carbonate and °calcium chloride time. Any degradation of the amine phosphate (AP), the
so]uthns s . diphosphonate (HEDP), or the phosphonate (AMP-0) did

The most effective AMP polymer was AMP—O which ; not marked‘b' affect its ablllty to stabihze calcjum car-
gave tomplete calcium carbonate sfabilization at 0.25 mg/] / bonate >
of 100% active ‘acid. Polymers AMP-1 and AMP-2 required . ) : X _

-aboutt 0.45 mg/l and 0.5 mg/l for complete calcium Compatib}ility with Zn** . |

x:drbqnate stabilization. ‘ °  In many cooling water systems, the corrosion inhibitor
Other organic and inorganic threshold inhibitors were , contains soluble. zinc as one of, its components. The *

ev a]u‘ated as ca]cxum carbonate jnhibitors by the same test compatibility of the four threshold inhibitors with zinc ion

method” All inhibitors were checked at 100% activity of the was followed by the laboratory screeming test for calcium

acid salt except in the case of the sodium polyacrylate (n “carbonate stabilization. Test conditions and inhibitor cof- .
~10): Thé threshold treatment rates .required to obtain centratiaps were the same as those previously described
100% CaCQ; inhibition are phosphonate (AMP-0), 0.25 with the ¢xception that zinc ion was added at 2.5 mg/l.
mg/1, diphosphonate (HEDP), 0.25 mg/l, polyphosphate The percent inhibstion 2chieved with the zinc-phos-

(PP"-) 0 3 mg/l, {95-100%), polyphosphate (PP-1), 0.35 phonate (AMP-0) and zinc-amine phosphate (AP) combina- ’ (
mg/] (95-100%), phosphonate (AMP-1,2), 0 45 tbO 5 mg/l; tions was similar to the calaum carbonate stabilization :
olyphosphate (PP=12), 0 5 mg/l, (95-100%), amine phos- found 1f#RE absence of zinc ion. The stabihizing power of :
pRate (AP), 0.5 to 07 mg/l, (90-95%), and polyauy]ate the diphosphonate inhibitor was adversely influenced by
sodiym (n ~10), 1.5 mg/l. In those cases where inhibition +the zinc additive. This conbination exhibited only 75 to
was pot complete, the inaximum percent inhibition is noted 80% calcium carbonate inhibition rather than the 95 to

‘ in pgrentheses. . . 100% obtained in the absence of zinc ion. The inorganic

3 po]ypl}osphate (PP-12) stabilized calcium carbonat'e more
tibility with Corrosion Inhibitors. . effectively in the” presence of the inc ion than in its
er Water Constxtuents - absence (5 5% inhibition vs 10% mhxbmon @7 days) RWhile
al of the orgamic and inorganic compositions—the ° the inorganic polyphosphate (PP-12)- Zn** system was not

thq poly phodrhates (PP- ] 2, 12), and the amine‘phosphate tions over extended timé periods, the favorable influence of

investigated. * colorimetric analyses,
P . . Percent buildup of the orthophosphate reversio
Stability . | product with time was_noted. The polyphosphate (PP-1

variables on the usefulness ofSes‘hold scale inhibiturs was ., phosphate degradation product was f0"0W'~‘d reyly with

>n of best performance after 24 hrs. The inorgdnic types of thrcshold inhibitors were evaluated as calcium

A\
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_carbonate inhibitors in “the presence of 2 S mg/l duomate
(as C103). The laboratory screcning tést and the tnhibitor
concentrations werg the same as used carlier. -
The phosphonate (AMP-0)-Cr*®, the dlphgs)honate
(,HEDP)—Cr+6 and the amine phosphate (AP)-Cr*%| combi-
nalons inhibited calcium carbonate deposition completely
for the 7-day test penod The amine phosphate (A P)-Cr*é
system gave- better 1nhibition than was observed|in the
absénce of chromate. Improved performance with time was
also. noted for .the polyphosphate (PP- lf)-Cr"’usy tem as
compared wnth polyphosphaje alone. These improvements
suggest a “slower ,Jeversion rate or the nactivation of
~ orthophosphate in the presence of chr@mlum 1on.

Compatibility with Biocides

combination with oxidizing and nonoxidizing bi
norma) components of industrial cooling waters.
carbonate stabilization tests were carried out using the
standard screening test and

' necessary for ‘complete inhibition (or maximum perform-
ance) after 24 hrs of storage. The chlorine level was 2 mg/l,
and approxiniately 50% was present as free chlorine. After
24 hrs of storage, the four representative threshold inhibi-
“tors showed the normal 90 to 100% stabilization of calcnum
carbonate. ,

The calcium carbonate stabilization tests cartied out in
the presence of chlorine were supplemented with chlorine
stability tests.fTwo mgfl of chlorine (50% free Cl,-50%
combined Cl,)“was added to'solutlons contam;‘ng 5 mg/l
(acid equivalent) &f the aclive threshold inhibitor. The
percent of free chlotine present in the test solutions after S
minutes (pH 6 6 *0.)) was polyphosphate (PP-12), 90%;
phosphonate (AMP-0), 10%: diphosphonate (HEDP), 100%;
and amine phosphate (AP), 90%: ~ .

When 3 fng/l Zn** was added to the AMP-0 solution,
the percent of free chlorine in solution was 80%.
suggests that in the absence of the corrosion inhibitor
component-Zn **  chlorination of AMP-0 treated waters
should be carried out 10 a slug treatment cygle. ,

 Nonoxidizing biocides wege also tested for their, effec-
{iveWess in the presence of th

‘threshold scale inhibitors.
The biocide was a chlorophenate (37.5 mg/l), and the test
organism was the aerobic bacteria-aerobacter aerogenes.
Synthetic cooling waters containing 15 mg/l of the active

)

[y

inhibitor concentrations , .

This-

threshold inhibitor (as acid) or 15 mg/l inhibitos #nd 5 mg/]

Zn"" were inoculated with the bacteria, held for 3 hrs at

Toom temperature, and incubated at 35 C (95 F) for 48 hrs.

The percent bacteria kill and a comparison of the bacteriat
counts with and without biocidal treatment are given in
Table 1. -

These results show that the polyphosphate (PP-12) artd
the phosphonate (AMP-0) have nb adversé effect on the
biocidal action of the chlorophenate. The presence of the

- diph osphonate (HEDP) appeared to reduce somewhat the
bacteria kill, while the amine phosphate (AP) improved its

s

., TABLE 1 — Percent Bacteria Kill -

N 3

Biocide
(37.5'mgA}

Threshold Agent zn**

° (15 mgN} {5 mgN) -
PP12 58% 1%

56% AMP-O 52% 81%

56% HEDP 38% 75%

56% - AP 80% 100%

3

56%

2

20 v,

E
performance. In-the presence of both Zn** and threshold

mhibltor,_thcbloddal action was markedly 1mproved 1n all
cases. This indicated that biocidal’ agents of the chlbro-
plunate type were compatible with threshold scale inhibi?
tor-coinponents.

Compatibility with CaC0 Solids
Calctum carbonate stabihzatam industrial cooling

water systems may not always \he completely free of
deposition. When the treatment ‘rades are inadequate Jor
irreéular and whan scalin
unmanageable, calcium carbopate may be deposited. To
determine the effect of predeveloped crystals of calcium
carbonate on threshold-treated cooling waters, 2 mg/l of
‘calcium ‘carbanate “seed” was added fo the laboratory
scaling solutien. Inhibitor concentrations were just suffi-
cient to give complete or best possible calcium carbgnate
stabilization under regular test conditions, The percent
inhibition data were\very similar to fhe calcium carbonate
holdback observed under the same test conditions in the
absence ofy calctum carbonate “‘seed”. This ability 'of
threshold scale inhibitors to stabilize water-formed calcium
carbonate if the presence of preformed carbonate is

.angther reason for their widespread and successful com-
*mercial application. .

3
Removal of Threshold Inhibitors

. The threshold scale inhibitors investigated 1n this study
are suspect in the present emotional attack on phosphates.
Even though the treatment_rates of these phosphorus
bearing compositions are in the low mg/] range and w8
known and useful methods are available for their removai,
ecologists_ continue to class these
Jutants. -

Activated carbon holds some promise for the removal
of<the hugher molecule{r weilght-organic polymers. However,
present carbon efficiencies are low, and carlgor”Tenewal
costs would be high. Membrane filtration may soon be a
useful meatfod based on the improved membranes and
rejection rates presently being obtained.

Conventidna) water and sewage treatment based ‘on
bacteria, lime, conventional flocculants, or new poly-
electrolytes .are presently the most general and most
practical approacy o_the removal of phosphorus com-
pounds. Empirical data showihg the relative ease of removal
of~these threshold composntio’ns were obtained in simple
laboratory tests. The threshold scale inhibitors were present
at concentratlons equivalent to 15 mg/l-of active acid. Lime
was added at the rate of 200 mg/l, ron (Fe* *) was added at
a ratio of 2 Fe:1 P, and the solution was adjusted to pH
9.0. After 5 minutes of mild agitation and 2 minutes with
no agitation, -the solutions were filtered, and the filtrates
analyzed for total phosphorus (as PQgs). The inorganic
polyphosphate (PP-12) was removed most effectively
(90%). The diphosphonate (HEDP), the amine phosphate

moval in that order.

Rapid and accurate analytical methods are desirable for
follomng the treatment rate of threshold scale inhibitors.
Waters contammg polyphosphates,” phospf\onates ahd di-
phosphonates can be checked at thee-application site by a
rapid colorimetric titration using thorium nitrate and
xylenol orange indicator. The thorjum test is not promising

.(‘P) and the phosphonate (AMP-0) showed less effective

. for the.amine phosphate evaluated in this study because_it

tains a substantial amount of orthophosphate, and high
cé ntratlons\of orthophosphat¢ cause mterference in the
2

—.- i

'

« i 7

-

conditions are variable or .

cémposmons as pol-
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. be about three times this rang

.

-

thorium test. Anal)m.al tests for pdl)acnlates are not wejl
adapted to ﬁel'd ‘use, .

In the laborator) solutions of the poly phosphate can
be analyzed colonmctru.ally by the reduction @f the
phospho- molybfcnum complex {ollowng a. bo:hﬁ‘: Yaad
operation  Sglutions contaiming the organic phosphorus-

‘beanng compositions can be evaluated by a similar rgethod

using sulfuric acid and persulfate in the boiling step.
Acrylate concentrations can be followed in' the laboratory
by precipitation as cupric acrylate or adsorption of the
acrylate methylene blue complex but procelures are time
consuming. 5 . .

.

.
-

Cost Effectiveness .- _

Y. The cost effectiveness of a threshold scale inhibitor is

qf_prime importance. Those investigated in this study have
exhibited widely different effnciegciés under different

scaling parameters, and their cost also varied over a broad :

range. Obviously, selection of a threshold sca]e inhibitor
will be based I gn the most gffective mhxbxtor at the lowest
cost, but ‘product availability, ease'of application, apd
service will i g'uence the overall decision.

The cost the threshold inhibitors evaluated will be
affected by the&Nantities putchased, the freight fates, the”
physical form, a \ the producer/nonproducer status:
Assuming the polybh phate (PP-12) can be purchascd n
truckload quantmes t 100% active acid-compositions
would cost approximately\$0.15 t¢ $0 20/lb. The amine
phosphate (AP) and the thonate (AMP-0) costs would

and tle diphosphonate
0) would cost 5 to 6

(HEDP) and the polyacrylate (n
times this amqunt.

<
Summary .

The threshold cumpositions which were %vahuated
possess a large number of the properties desired in a good
inhibitor  for water formed deposits. T \tment with
threshold amounis of the phosphonate (AMP-0, 1) guve
excellent <COntrol of calcium carbonate, hydrated ron
oxide, and calcx}nm sulfate. Substoichiometric hmounts of
the diphosphonate (HEDP) alsoq;ave excellent jrihibition of-
carbonate and iron deposxts “but calcium sulfate stabiliza-
tion was poor., The amine phosphate (AP) and pdlyacrylate
(n ~10) were exeellent to good as threshold inhibitors for
calcium sulfate but were poor stabilizers of hydtafed iron
oxide. The pelyphosphate (PP-12)-performed wel in short
term tests as a threshold inhibitor for calcium larbonate
and iron oxide but showed only fau inhibition o} «.aluum
sulfate. . , -

‘polyph hates were

*C. F. Smith, T l. Nolan, 11I, and P

21+ .

The four phosphorus bc'armg"threshold cumpositions
effectively “controlled u xarbonate deposition, the
most widely encountered coohng water scale. In general,
the phosphonates, dxphosphonate amine phosphate and
compatible with Zn'?, Crts,
oxidizing, and.nonoxidizing biocides, and x.aluum-kdrbonate
seed" In the labgratory tests, time-temperature instabihity
was noted with the poly phosphate inhibitor (PP-12), and
the diphosphonate exhibited reduced effectiveness in the
presence of Zn** and the chiorophenate biocide. The
phosphonate (AMP-0), in the absence of Zn*", reacted with
chloriné, but calaum carbonate stabilization was not
adverstly affected. The amine pbesphate (AP) appeared to
be limited in its ability to completely inhibit calcium
carbonate under the canditions of the test.

Analytncal procedures for the determination of low
‘,oncentratxons of phosphorus bearing, threshold inhibitors
were deemed adequate. Phosphate removal methods are
well known and requife only modification and upgrading

“to*satisfy pollution standards. Laboratory screening tests

related to cost effectiveness can be useful in selecting

threshold scale 1nhibitors for commercial applications., I

L) .
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~ MANGANESE DEPOSITS FROM~NATURAL‘Mn SOURCES - Staining’

' STABILITY - DEPOSITION ~ * . i

STABILITY - CaCO3 EQUILIBRIUM A CHARACTERISTIC OF A WATER RELATED
"~ T0 ITS TENDENCY TO DEPOSIT CaC03 OR BE-CORROSIVE TO METAL
SURFACES Q

DEPOSITION CONCERNS

DEPOSITION IN TREATMENT PROCESS EQUIPMENT AND PIPING - eg. CaC03,
Iron ox1des, CaF.- Interference with flow and 0peratIons

DEPQSITION ON FILTER MEDIA - MedIa change, backwashIng

DEPOSITION OF CaCO3 IN DISTRIBUTION SYSTEM - Resistance to flow., Inc
-head loss . e ;

-

wDEPOSITION IN- HEATED WATER SYSTEMS -ﬁﬂeat transfer, failure

IRON DEPOSITS FROM CORROSION OR NATURAL SOURCES - Iron bacteriay’ Tuber-
culation, Staining, Water f10w .

Ly

-

WELL SCREEN  INCRUSTATION AND WELL EQUIPMENT BEEBSITS - Restrict flow

<

. -

A v TRANS AS-1 ‘ T,
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CORROSION

< .-

" GORROSION - THE DESTRUCTION- OF A METAL.BY CHEMICAL OR ELECTROCHEMICAL Pt

LREACTION WITH ITS ENVIRONMENT ¢

& . 3

CORROSION CONCERNS ' o

LOSS OF METAL FROM PIPING DUE TO WATER-METAL SURFACE 'ACTION - Pifking
.

INCREASE IN IRON CONTENT OF WATER SUPPLY - Stainirg

DEVELOPMEN;soF IRON DEPOSITS - Tuberculation, staining; water flow -

DETERIORATION OF PROCESS EQUIPMENT IN CHEMICAL FEED AREAS - eg. Hypéch]orite,
HoSiFg

3
7

' EXTERNAL CORROSION OF METAL SURFACES IN PROCESS ARfAS PIPE GALLERIES -

. Interference, Appearance

?

’ &
EXTERNAL CORROSION OF BURIED PIPE % Yy
COPPER CORROSION WITH SOFT WATER - Sta1n1ng \ !
WELL SCREENS, CASINGS, SHAFTS * ! ;
' \ .




ALKALINITY -  Hydroxide (OH )

" WATER QUALITY PARAMETERS
pH - 1og._£; less ithan 7 - Aci
U

i . !

30

d, B

greater than 7 - Alkaline: ,

4

Carbonate (TO03)

Bicarbonate’ (HCO3)

Polyphosphates hydroly
‘to the ortho form - ra
with temperature incre

r o
TRANS AS-3

- d0- . ,

-

HARDNESS - (Calciup (Ca”'); Magnesfum (Mg*™)
Carbonate (== Alkalinify e.g. HCO%)
Non-carbonate (a-SOZ)

IRON - Ferroué (Fef+); Ferric (Fe+++)

PHOSPHORUS -  Polyphosphate e.g. Na3\PO4)6
Orthophosphate ‘e.g. Na PO,

e of reversio

pses.

3 ,
%e in aqueous solution

n increases




WATER SOFTENING REACTINS - S -

Ghemical Precipitation_ ' -

L
)

Ca(HC03)p + CalO0H), = 2 CaCO3 + 2 HyO

Mg(HCO3)2 + Cd(0H), = CaC03 + MgCO3 + 2 Hy0

. - L
MgCO3 '+ Ca(OH)yp+ = 04 + Mg(OH):
gCo3 '+ Ca( )2; : CaC05 + gg_.[z %
os8, +.Ca(0H)y = CaS0y + Mg(OH)» - j

CaSO4 + NaplO3 = CaCOy + NapSQy -
C0p + Ca(OH), = CaCOg -+ Hy0

"o . Ion‘Excﬁangew

BN

Ca : ’ _ Ca
Mgz‘\(HC03).+ NapR = MggR + 2 NaHCO4

-
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" CaCO4 EQUILIBRIUM pH " e

o

» L A ++ ==y
CaC0, (s) & ca "\t C0, \

Ks = [ﬁé++'.co3'{] )
o 2 [Heo,7]

| LH+](OH:J = Kw ,‘\
LT [ = 2o, + ooy )+ o).

From the above Langlier derived fformu]a for pHs
1 .- -
pHs = pK, - pKs + pCa + ATk

. \ - ‘

-
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: SATURATION pH -

A — . ' THE pH AT WHICH WATER WOULD NEFTHER DEPQSIT NOR DISSOLVE
. | CALOUUM CARBONATE ; . s

‘ et

v
- 3
<

\\ FACTORS AFFECTING pHs ARE: Calcium
) ¢ . Alkalinity

X X / © Temperature . o
. - Total Dissolved Solids

- 3
‘ N\CALCULATION ; : ‘
N 1. USE NALCO-AQUAGRAPH - ' - “

2. USE LARSON-BUSWELL DIAGRAM

.~

3. USE STANDARD METHODS TABLES, (p. 62)
B ’ . Y ‘\‘ !
) ol W I

/
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)‘RANS AS-9

1, ) - e . ‘ -
3%, ,
- . . ~ -

)
: STABILITY INDICES = * . - ( ’ wTTT
LANGELIER'S_SATURATION INDEX (S.I.) . (=~ SO
v ‘ B ° . ~ "
S.I. = pH-Actual - pHs - e e R
haad - . 4 AN T, . [

Where pHs, is the pH of satﬁrati_on . "” N ‘

A plus value 1nd1cates . - e s,
A lack of excess (202 , - e
CaC03 scale-forming qualities ST,

A minus value indicates: Co A o ) -

" An excess-of C02 3 e - . .
Sca]e dissolving propert1es ) ~ ]
» /; e
Note: The S.I. is not quant1,tat1Ve but" shows -
- di rect1ona] tendency _ o °
* RYZNAR-INDEX (R.I.)  «~ = =~ o
-~ @ : ¥ .
CRIL 2 pHs— pH L
Values greater than. 7.0 indicate a corroswe water
Values ]e"s‘s than 7.0 1nd1cate a sca]e=f0m1ng -water
Note: . The Nalco Aquagraph uses 6 ‘O as a breakpoint: Also S -
see figure. . . .
[} e . } . ‘
- ) \* e
v ~ . ? - - -
?:g; - oy <§
4 . ) s z ) o
- ﬁ; . ‘ . - N
, : ., ®
¥ 2. ) 2 ,,.‘
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‘ RZWRIOEX Tt

WCRUSTATION ——————

Co s N
1 Tt VERY HEAVY SCALE .

. : o
/ \ N o S

4 .
- (1~——HEAVY SCALE AT 150°F y e '
’ . 3 . -~

—1 HEAVY SCALE AT 60°F
HOAVY Sql[ 1N HOT WATER HEATERS
HEAVY SCALE IN HEATERS AND COILS
L SCALE-N HEATERS L
SCALE IN HEATERS .
- SCALE IN HEATERS - .
L SCALE IN HEATER CONS
FSOVE SCALE AT 60¢ F
- SCALE I HEATER UNLESS POLYPHOSPHATE ADCED  , .
SUIGHT SCALE - CORROSION HIGH TEMP = POLYPHOSPHATE, PRESINT . -
KO DIFFICULTIES EXPERIENCED ‘ M
- COMPLANTS NEGLG BLE ~ -l .

L NO SCALE OR COSROSION

- PRACTICALLY NO REQ WATER COMPLAINTS
ONLY SLIGHT CORROSION AT 150° f ,
SCALE IN MAINS - .
PRACHICALLY NO COMPLANTS .
coRadsION |
-QUITE CORROSIVE AT 150* F . =
L CGRROSION I HOT VATER HEATERS N

INDEX

.

%

STABILITY

F SEVERE CORROSION « REO WATER 1
[ SOVE CORROSION IN COLO WATER MAINS .
[ 32 REO WATER, CONPLAINTS (N ONE YEAR ’ »
- CORROSION N COLO WATER MAINS . a
- CCRROSIDH 1IN COLO WATER WAINS :

- NUVEROUS COMPLAINTS OF REO WATER .
I REO VATER 4
[ SEROUS CORROSION AT 170° F *

| 234 REO WATER COMPLAINTS IN ONE YEAR . “
- VERY CORROSIVE AT 150° F | | -

- SEVERE CORROSION ~REQ WATER : , '

| . 1. .

- CORPOSIVE AT 60° F -

3 ’ .
b3 .

|- CORROSIVE COLO WATER WAINS . ,

IS

|- VERY CORROSIVE AT §0° ANO 150* F
[FCORROSION IN ENTIRE SYSTEM ) <. ¢

«
[ SEVERELY GDRROSIVE TO M{UNS ANO INSTALLATICNS  ~ .
3
i d

‘ sy X Scale Reported
~ ©® Complamts Negligibie . .
0 Comoron J ‘s '

. [y

' ~ TRANS As-10 - . -
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* CORROSION IN COLD WATER L:NES - - -7 /
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| WATER ANALYSIS  cat

-

J
STABILITY INDEX - SAMPLE PROBLEM

T - 200 mg/1 as CaC0,4
T ALK - 60 mg/1 as CaC03
: TEMP - 16 %¢.

TDS - 650 mg/]
pH - 9.0
h Fro'n\td Methods - 8.00,
v From Na]co Aquagraph - 7.87. -

From Larson-Buswell

pHs = 9.30 +# (0.17 +2.08) - (1 80 +1.78) =

. Lange]ier,Saiuration Index

2 a
. S.I. = pH-- pHs =_9,%'- 8.0 = +1.0 - Scaling Tendency \

Ryznar

2?8.0) » 9.0,= 7.0

SN

< 2pHs_- pH =

PO , :
s s . . .
v
‘&
L 3 T—.
e .
4 1
v
’
’
N
» [)
TRANS AS-11 .
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Slight Corrosive |
4 i

Tendency
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© ADD, EXCESS Of CaCO, |TO ANOTHER PORTION.IN A 300 m1 GLASS |
('STOPPERED BOD (BOTTLE - g

y

MIX BY SHAKING F EQUENTLY -FOR AT LEAST 3 HOURS, SETTLE
OVERNIGHT AND-FILTER THE .SUPERNATA‘NT‘Q,:'

~ DETERMINE THE ALKALIN

IF ALKALINITY INCREAS
VT CaC0; AND WILL N

A

IF ALKALINITY DECREASED, WATER IS SUPERSATURATED WITH
- CaC04 AND MAY BE DEPOSITING . o

]

<4

IF-ALKALINITIES ARE ‘THE SAME, TH:E: WATER IS STABLE

\ . -
i
!

I . .

i

" Note: From Standard Methods
,~-and_the partial pressu
" sample may influenée t

4
W
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RECARBONATION, -
EXCESS .LIME (Hydroxide) .
: L4 -
Ca** + 2 00" + COp —» CaCO} + Hy0
, SUPERSATURARON WITH CaC03 ’
. . ' -+
; & = ; - . o
D, C0p + €03 X Hy0 > 2.’H003(_ \ \ g
. ' %
MAGNESIUM_HYDROXIDE .
Mg™" + 2 OH™ + COp—s Mg™ + CO3 + Ry0 . "
' i - »
'..‘& —
CARBON DIOXIDE QUANTITIES . o
Hydroxides: Ca(OH), +“cc‘)2] Ca(OH),,*x 44/74 = €0, (ng/1) *
. 74 44, " (Excess) h .
" Mg(oH), + c0, | Mg(0H), x 44/58.3 = CO,(mg/1)
58.3 44  (ReSidual) 7o
Maintain“pH>9%5 to minimize conversion of k A
€05 to HCO,” N ‘o
Supersaturation w/ CaC(53: "
s - ._
® Réduce pH to about 8.6. Based on the Ksp of CaCOj.
s . -
\/9l - . .
1 N , . ) Sowm
‘ TRANS AS-13 .- . . ,
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TYPES OF CORROSION CELLS

CORROSION CELL =~

N

-

AN ELECTROLYTIC CELL IN WHICH METAL

IS REMOVED FROM@HE ANODIC (Negative)
AREA DURING THE PASSAGE OF DIRECT
CURRENT BETWEEN THE CATHODIC (Positive)
AREA AND THE®ANODIC AREA. a

\

TYPES OF CELLS . .

S

GALVANIC =

DISSIMILAR METALS e.g. CAST IRON and
COPPER

DIFFERENTIAL AERATION — TWO PORTIONS QF THE METAL RECEIVE OXYGEN -

o . M

\

b .
DIFFERENTIAL STRESS -

IMPRESSED-CURRENT —

-TRANS AS-15

-

AT DIFFERENT RATES

.CONCENTRATION CELLS "= 'THE VARIATION IN CONCENTRATION OF DIFFER- °

ENT SUBSTANCES IN SOILS CAN CAUSE A COR-

. ROSION CELL-TO BE FORMED

-

STRESSES e.g. WELDING CHANGE THE PHYSICAL
CHARACTERISTICS OF A METAL - CAN AFFECT
ITs ELECTROstTENTIAL .
WHERE "GROUNDING" IS°PRACTICED. THE
LOCATION WHERE THE CURRENT LEAVES (Anodic
Area) MAY SHOW INCREASED CORROSION

a- .

_4’2 S




A

H+ H+f Ho0 - S i ,
\ 4 0oy / Water '  —Interior
2H + 2e —» 2H° e »syrface

<!;// ///i/’/)// //j:///lron P1§///:/’

Cathode
2e 4-——-"""" Are

l/Area ///L/J///

COMMENT: ~AREAS "OR ACTIVITY

--  THE AREA TO WHICH OXYGEN HAS EASIEST ACCESS
TENDY TO BECOME THE CATHODIC AREA.

// --  THE-AREA TO WHICH OXYGEN HAS ACCESS WITH:
DIFFICULTY BECOMES THE: ANODIC AREA. ‘

»’ N
(-
b4

EXAMPLES OF ANODIC AREAS OR AREAS SHELTERED AGAINSﬂ OXYGEN

~

ARE :° BRI
\\ - PITS OR DEPRESSIONS IN' THE METAL \

b

CORROSIQN.

-

AREAS- UNDERLYING MILL SCALE OR PRODUCTS OT

AREAS BELOW BIDLOGICAL GROWTHS

.
'

TRANS AS-16




SR  ELECTROCHEMICAL CORROSION

e

P

e Four general steps

~ - e
-

Lo (1) ANOBIC .REACTION

- ﬂ Fe (metal) —s Fe'™ + 2¢ -
. (2) CATHODIC REACTION

, C2HT 4 e iy H

2H —>H, -
(forming of the atomic Mydrogen flayer
is called "polarization".) ' -
'(3) DEPOLARIZATION -
- . (removél of the Herojen°]ayer)
' 2H + 1/2 02'7‘9 HZO'O,

T— (4) REMOVAL OF THE METAL IONS
(Fe'T+ 204 ——) Fe(OH)2

N
-~y .

'4Fe(0H)2 +, 0 --—)4H 0+ 2Fe203

-

- if CO2 is present "\
S 5C02~FH0-——-%HC03-—-—-)-H + 0"
' ‘Fe(OH)Z + 2H, 2003 —2 Fe(HCO, )2 + 2H,

Fe't .+ 2HCO5 ™~y Fe(HC03),
4Fe(HCOZ), + 0, —3$4H,0 + 8C0, + 2Fe 0

1y

. ’ A
? & ’ -
) TRANS AS-17
P . " . b E
. , ' N 4 f
44




~

.

" €orroded end
(Anodic or least noble)

£y
A

~

Protected end
(Cathodic or most noble)

\

C . - TRANS AS-18

’

¥ H

Magnesium
Zinc -
Aluminum (cémmeréia] pure)
Steel or iron Lo -
' Cést ifgn
- Lead ' o
Tin - \\\
Brasses v ’
Copper ;. -
Bronzes .
~Chromium -- iron'(passive).
Silver . '
Gréphite
Gold_
Platinum

45, .
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‘COUPON EVALUATION jn DISTRIBUTION

. _» !
i L [J s

~Nom:qmductor - .
Support

pon
p— |
< Side View *

et

|

_ Rod-Stanlesy . : /' Cou
o3 E:E;L
Rod .
Nonconductor Support
, 4o o
\ Holding Screw — O ) -
R

. * Couron={D10 —*
Wid Slﬂ!

| I T

-

f\’,'

Flow

-——
b

PE—— {

Q H

R

t

Fig. 6. Cgrrosion Coupon Assembly

" AWMA WATER QUALITY GOAL: 90 day tests

° -

——

_ Fig. 6. Distribdtiora-Syster‘n Coupon-Holder Assembly

Incrustation\iz stainless steel ngt to exceed 0.05 mg/sg.cm.
05

-

«. Ref:. Mullen & Ritter,
“Potable Water Corrosion
Control", p.473-79, J-
AWWA, Aug. 1974.

o —

L.

N

-,

-Loss by cdrr

. " Ref:’ E.)sz/Aw,WA Jou

“angof galvanized ‘iron not to exceed 5.0 gg/SQ-Cm:

rnal

o

September. 1973 o

L

TRANS AS-19

| 46,

H
i
¥

o




-

-

+  APPROACHES TO coRRo§}0ﬁ CONTROL

-
-~
-

USE CORROSION RESISTANT MATERIALS

w

"'USE ‘COATINGS AND LININGS

a

DEPOSITION OF CaCO,

PROTECTINE GHEM ICAL COATINGS

. R
CATHODIC PROTECTION aat '
. ’ )
(3
\ J
A \
k-
° v
. ¢ / -
’
E] / ‘ - »

TRANS AS-20

47

"AND: pH ADJUSTMENT.

47




°

_ZINC & GAL)

Not

Y‘l

MILD STEEL

"

ALUMINUM -

COPPER -

COPPER ALLOY

STAINLESS ST

PLASTIC PIPE

\

e

MATERIAL

. From Larson,

)

ANIZED STEEL -

L ALLOYS -

A}

—R—

¥
i

FITTINGS

'

N : J‘\
SELECTION)- CORROSION' .

T.E. "Corrosion by Domestic Waters"

Disselved minerals may increase corrosion e.g.
chloride and sq]fate. Increases in Ca-and al-
kalinity inhibit corrosion. Elevated, tanks
should be painted in accordance with AWWA Std.
.(D102-64) and cathodic protection employed.

With adequte Ca and alkalinity protect1on by
zinc carbonate is often effective.
steel in galvanizing by excluding water contact
with steel and by galvanic protect1on

«Corrosion resistance due to gnert oxide film.
Do not use with copper bear1ﬁ§ metals.

Corrosion resistance due to an oxide”film.
Subject to impingement attack at high rates
of flow (greater than 4 fps) Low pH carbon-
ated water and.waters containing chloride are
corros1vq_to copper

Copper-zinc (yellow brass- 67/33), (red brass -
85/]5) Yellow brass is.subject to dezincifica-
tion in soft waters and' high pH (9.0 to 9.6).
Red brass is preferable. Copper-nickel alloys
are superior for difficult cond1t1ons and at
hot water temperatures.

z \4
Corrosion resistance due to a thin protéctive
oxide on the surface. Type 304 £18% Cr, 8%
Ni) is frequently used. Chloride, stress and
temasrature are important’ corrosion factors.

= Useful systems.

L4

)

Zinc protects -

e




CATHODIC PROTECTION ~

°

Insulators,

Electrolytic& | = Electroi§%}c
Riser Anode ; , ’ Bowl Anodes

'Lead Vire
to.Anodes

.

<

j}{ectifier

R\—--_1-1A.C.Power

J

Ground

N

TYPICAL WATER STORAGE TANK
\ 1)

- N <

'

~

Galvanic, Anode - Composed of a metal higher in the
galvanic series than the metal pro-

. tected e.g. Mg, Zn and Ai‘ .
% AN B

- . . P
et - N

. \ s - . . .
Electrolytic Anode - Energized by an external source

‘4 of direct curtdent.

-

-
%

Note: See Standard Specifléatidhs for Elevated Steel
- . Water Tanks, Standplﬁgs and Reservoirs by AWWA
(7H1~l943)

°

TRANS A§-22

49




Y

e

.. SULFUR BAC{ERIA - Oxidize or reduce significant amgun:ts'.

A /) N ~ . v "
. - _ "‘/
» ) o X . * ‘J ' < o o .
v BACTERIAL ACTION . e 7 T
- ‘ » N . -, - . ‘

4

IRON-BACTERIA = Capable of withdrawing“iron present in
their aqueous habitat and of depositing
it in the form of hydrated, férric hydrox-

ide - Crenothrix, Gallionella ~~ ' .

v
3

. >
.

-

L} ’ -
<

I

LS

' \ of inorganic sulfur.
{

v
T
.

so4=l=.. HsS Desulforibrio

g (Anaerobic)

HyS — H,S0, Thiobaci]1us’

_ (Aerobic) .
.~ éu‘

TRANS AS-23

90




' . 51 ,
. ' | -
| o .
. EXTERNAL PIPE CORROSION ° o~ - . ‘7~ o
. , % . _ 3 . ‘ )
, FACTORS .TO BE CONSIDERED - -
: / RESISTIVITY - Low resistivity - greater corrosive :
. o tendency’ -
—  pH-0to4, 6.5 to 7.5, $8.5 (Greater corrosive -
] : tendency) : '
) . A . . ~ » :
% OXIDATION REDUCTION POTENTIAL - Low valugsyindicate”  * .
o _ : _ anaerobic conditions

b;IOISTURE .CONTENT ‘-' Wet - 'grea‘ter cormsive)tendency

«SOIL TYPES . ] 3
STRAY DIRECT CURRENT ® - '
e ' ) “ Note: Polyethylene encasement is a very satisfactory ° r
’ proteetion system. .
. . & e ) . )
. . . § . . o .
J Ref: Cqs,&_::%ge&esearch é\.ssoc‘ratwn o ' . /
) o T,
] / ~ = .
v /
A ~
' /
- ) . /
’ /
. =~ v ‘ /
- % !
K / 6 ’J
/ B .
. N o
) ‘ .‘4}‘ . N ’ . .(
. . , ’ s . > ' »
- TRANS AS-24 ~
. . /\
by r \ -
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Background:

Deposition -'Corrosion Case Study

-

- WELL PROBLEM

)

Well stopped pumping water.

Motor running.

<

Multi+stage. pump 200' DrW

D1scharge pressure head 4

. . ."Shaft located between sta1n1ess steel collars
had sheared.
. Upper’ shaft - No corrosion.
Corrosion
Pump with brass impellers in good shape
Suction side - CaC0, film
Discharge side - Tugercules Pit corrosion.
Until 10 ft. away.
Shaft similar to piping.

Lower- shaft -

Water Analysis: pH 6.8 DS - 800 mg/1 7
Hardness mg/1 ‘“Temperature 50 |

~ A]ka]1n1ty 300 mg/] C02 - 30 mg/1
D.0. - o

- k)
Discussion destions: Explain the corrosion and deposition
‘ ) . Observations in thé‘p1pmng and on
‘ . the shaft.

3 . Discuss the shaft failure.- -

\ . v c o to correct the problem?
7 , ld - ”

What alternatives shou]d-be COns1dered

i
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PARTICIPANT, INSTRUCTIONAL MATERIALS o - *;.

I. Each participant will receive an outline of the module topics with supple-.
menta] comments as appropriate. This outline is- to assist the-participant.
in preparing for class discussions and guiding the students in thefr study -
of reference materials. and transparenc1es

<

II.. Students will receive a xerox copy of each transparency...lf desired, NALCO
aquagraphs can be obtained from the NALCO Chem1ca] Co., th1cago, I]]1no1s

N e 4

IIT. The New York Manua] andaibe AWWA M18 Manual should probably be required for T

*» . the modules. They shouid be owned’ by the participants as they are of va]ue
. for other modu]es and: ;as”general references. o
. @
If the part1c;ﬁlhts do not own these references then _permission shou]d be
obtained to provide them with xerox copies of the prfmary subJect materia]

i L3

-

0
Iv. ,Sane of the examination questions could be used as class’study quest1ons or
a means for evaluation of the 1Qstruct1oh They could also be supplemented
based on the instructor's treatment of the top1cs

Vo, It is suggested that the part1c1pants could receive cop1es of
< some reference articles: as well. The particular 1nstryctor could
choose to do t }rf"and also supplement the materials with descrip- -

’ t1on§tof case’/studies he/she 1s\£§mf11ar with. Student partici- . S

pant tase studies could also be~duplicated for the class.

- N ¥
=~ . . A

7
% ' ~ e

> -

\ A ’ &

£
»

7
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TI3ADUWS 'ADVANCED‘STABILIZATION'MQDULE '

-

Part1c1pants will .receive a copy of each transparency used
in the presentations. Particjpants will receive appropriate
reference material from the New York Health Dept. Manual of-
Instruction for Water Treatment Plant Operators and from the
AWWA M18, Basic Water Treatment Operator's Manual.

Instructors may supp]ement the above mater1a] with copies of
references or case studies.

Part1c1pants are encouraged_ to br1ng documented examp]es of
corrosion and depos1t1on prob&ems and solutjens to the class
for group g¢iscussion and analysis.. Pipe of fitting. sgmp]es
and/or pho ographs are espec1a]1y of interest. -
- l » e ’ - .
I.+ Introduction and Review : !
A. Scale formation and its concerns (Trans AS-1) :
1. Notethdt stability.of water refers to the tendency to
deposit taCO or not deposit CaCO ’
2. Review the types of depositign prgb]ems and observe theor
effect on water system operation
. 3. Describe examples of depos1t1on problems in your water
system . Y A ~ . ,
Corrosion and-corros1on‘concerhs (Trans AS-2) - |
1. Note\ the electrochemical nature of corrosion ’
2. Observe the types of’ corros1on and note the ‘water system
effect. of” each type S
3. Describe examples of coﬁroq1on prob]ems in your water
system - . {

. .

Ny
Water chem1stry parameters anq concepts (Tran AS- 3 AS-4), AS-5)
1. Review'.the primary water qua]1ty parameters - the1r mean1ng
" and- s1gnjf1cance1 ]

-Z. Note the ion groups, the pH’ &’pOH concept and the ox1dat1ve
states e.g. ferrpus and fenr1c -~

-3. ‘Review the chemical changes in water soften1ng and note the
type of compounds present in’the softened water. NSte pH"
requirements for excess-lime softening. : -

4. Note the effect of pH oh the presen:e of CO and the other
forms of alkalinity preseni. This relates %o the softening
process and the nature of’ $1n1shed waters in-the treatment

_plant.and dnsxr1but1on/system ‘ p )
. . T : .t R

II.sDeposition' Ana]ysis and Contro] {Trans AS—o thru AS-13).

A. Note the equ111br1um basis- for depositio ﬁi
1. Study thé chem1ca1 equilibrium bas1§ for the sat\?atfon pH

"
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of CaCO Note the role of the various factors that
affect aHs

2. The addition of alkali's and other.precipitate formation

B. Various approaches can be used in stability analysis .
1. The stability ana]ys1s of a water can be conducted by cal-

3

- Nalco Aquagraph Larson-Buswell approach and Standard Methods.

also function from an equ111br1um and so]ub111ty product

concept e.qg. R

Ca(0H), 25 Ca'™ + 20i" -

Canh, ca™ + 2F . | A

Fe(OH)\“;; Fet™ + 30ﬁ'

culation from the various.water quality parameters - See

Study the- samp]e\talculat1on

2. The stability can also be evaluated using the Marb]é Test.

Note Std: Methods comment.

3. The indices are indicators - note experiences with the

(g

Ryznar -Index - system testing is needed to eva]uategwhat is
happening. Pipe samples can be checked, coupons used and
alkalinity measurements made.

L4

Review the methods and purposes “of recarbonat1on. Notd the .
calculation procedure and pH control 1evels 7 }

5

D. ‘pNote the comp]ex chem1stry of chelates. Phosphonates’ dave

,been:successfully used
emp]oyed .ahead of rapi
f11ms in d1str1but1on ystems.

Corrosjon chemistry (Trgns AS-14 thru AS-18)
i .
A. Notejthe varjous ty

industrial practice. Chelatds are
sand filters-and to d1str1bute)CaC03

o

L A—

>
‘

S

{ R
s, of - -corrosion cells _'

B.’ §tué} swital interactions assoc1ated w1th the d1tferen-
tia aerat1on cell

) 1. Néte how, iron can leave the system as a depos1t Note the s
le of pxygen in removing the hydrogen film. ’
*'2. Corrosionicells can be widely d1§ir1buted over the meta]
D surfa ce, resulting in extensive corrosion '
‘3. L%ca11zed”p1tt1ng can occur when, a corrosion cell déve]ops
W 1n a deposit location. Chloride ions can be associated
) wi h pitting conrosion :
4, Tiberculat10n resu]ts from iron depos1ts ‘

T“"\ -

Study the gdlvanic ser1es

{1, The location of -the metals 1n the series determine which

metal will be the corroded (anode) sfetal ,
2 Th1s Tocation can be used to avoid galvanic corrasion 1n
p1p1ng It can a]so be used to protect a metal surface in
thhodac proteot1on y

56 -
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etection 1nc]udes study1ng pipe sectionsy f1t-
oting staining and’ red water

. Incyeases in Fe concentration in the d1str1but10n system
So evidence corrosign

< Coupons can be utilized to monitor corrosion. Note the
Middlesex Water Co. study : . ﬁ '

D. Corrosio

E. Note the effect of‘materia] selection (Trahs AS-21) and \
corrosion problems ‘ 3
1. Dezincification is the result of removal of* zinc' from|its

V. Special topics. (TransiAs-23, AS-241§AS-25) 1

e alloy with brass. Soft waters.are of spec1a1 concern

2. Graph1t1zat1on is a form of ¢orrosion of. cast iron in .
highly mineralized water or waters w1th ]ow pH. The iron-

\

s1]1con alloy is. removed.

) A L 1
. ¢ ;

IV. Corrosion control (Trans AS-20, AS-21, AS-22) .

»

4
A. Note the approaches to corrosion contro]

B. Water chemistry may be adjusted £.g. positive Lange]1er In ex

to achieve a CaCO depos1t1ng wager
1. Alkali feeds, R
plish pH adjustment

}

aOH, Ca OH)2 d Na2C03 are used to accom-’

‘2. Polyphosphates can be.used td|distribute the CaCO3 depo f?

sition in the system
. _ o ;
C. . Inhibitors have been utilized

1. Zipc- orthophosphatesAhave been successfu] See Middlesek.

studyx ;
2. Phosphates alone requ1re too h gh a“dosage te be used
D. . Cathodic protection is used for 4p1ng, storage tanks and
. treatment units 4 -
- 1. Note selection of sacrificial anode
’ 2. Compare gaJvan1c and e]ectro ythc anodes ,

E. Note the various types of meta1' qpat can be utilized .

' 1._Linings e.&. cement and var10us chem1ca1 coat1ngs and
paipts ara\successful

, % -2. P¥C plastid, .asbestos cement ahf concrete are egamp]es off
non- corros1ve-materia1s N >

3

' )
* F. C1€e examples of successfu] practﬁce frém your own water
system ﬂ, .

I8 ] i ; ) . - §

v

1
A. Iron bacter1a are a nu1sance filamentdus organism that uses
1r0n and forms deposits in p1p1ngiand ‘well systems

} . é

¥ e

- ad

— MM i i3
’

1

B. Sulfur bacteria can break down sulfate in. Tow-flow zero
- dissolved oxygen areas 0f distribﬂt@gn systems and release

&

. 3 . O
A
. 3 -
. - - . -

A

Lo
e
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-

' : N
H,S can form corrosive solutions of

.l

504 1f it 1s:

- HS ’ .
o§1dize -
C. Note the various factors that affect extergal pipe corrosion, -
~ . ™~ ¥
D. Well systems experience many of the deposition and cogrosion
. problems discussed earlier. Analyze the wdll system:case 7
- f study. . .0 A . -
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T EXAMINAT{dN‘QUESTIONS ..

-
’ ;" ’
Note: The sequence “of questwons generally follows the pattern of ©
.. topics and ob3ect1ves/presented in the module.

-

T F “1. More co, can enter solution as the pressure in a water
2 s - - Y
system increases. ’ °

T F . 2. pOH refers to th? ]ogar1thm ‘of 1/0H concentrat1on
T F 3. As-the pH*#hcreases the "hydrogen ijon concentrat1on decreases

and the hydroxy]§1on concentration increases. . ~
4. A high pH ( 1945) water will tend to have which of the
following comb]n§t1ons of alkalinity - ’

~a. S04, C1, HCO,;
b. CO,, HCOy -

3

C. HC03’ C03 : ; ‘ H

d. CO,, OH, HCOé

'}’

3’

T F 5. Lime that is used to reduce magnes1um ca}honate hardness

yields hydrox1de 1ons which sat1sfy-the Mg(OH)2 so]ub111ty
product and cause it to precipitate.

T F 6. In lime soften1hg the atkalinity of the water supply is

decreased, the pH ﬁncre;sed and the iron ¢ ntent "decreased.

T F 7. Increases in water temperature 1ncrea§e the reversion rate

of polyphosphate to! orthophosphate f \
:8 Lowering 1ime softened water pH be]ow 9.5 causes an ihcrease
in hardness due to : B M . but results in a
‘decreased tendey cy for the water to oL
9. Which of the fop

’ depos1t1ng watey,1n,a distribution system

P
.

i
-% ,
]ow;ng chemical test %esu]ts indicate’a |

~

. Decrease 1n aJka}1n1ty ;

-y ’<f b. Increase in 1ron concentrat1on f " !

c. Intrease in a1ka]1n1ty ) a . ‘ ;

v
10 When a watér - 1s cous1dered 'to be stabﬂe

a. It will cause iron to go into so]ut1on read1]y

d, Ingrease in su]fate concentration

(VS

. bt wilt deposat CaCO5 - ¥ .
\ t c»~Phosphates shou]d be added to oxidize the 1ron o
*_ d. It witl noti depos1t Cacb v o

i-‘) \i' .
59 i
” -
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¢

n. Deposits of CaCO3 can be extended further-into the distri- ~
(A\Rdt1on system by using .
a. Carbon dioxide ) -
b. Po]yphosphaies \
c. Soda ash
d. Potassium permanganate

12. Two causes®of well screen blackage or deposits

® a. . !

a. Conta1ns too much manganese

b. Tends to be:a depos1t1ng water (CaCO )
c. Tends to be corrosive to iron .

d. Has ‘excess magnesium |

14. The four water quaﬁity characteristics-'that gre used to

calculate the pHs (saturation pH) are total fissolved

[4

’ solids,. ‘ * and .
‘ \ - § . 1 .
F ~]§.°The Ryznar-Index is equal to tw0"times the pgHs minus the-"
actual pH. ' i NS B

16. A 1aboratory test that can be utilized\to gnalyze for cal-

cium carbonate depos1t1on tendencies s -

a. Oxidation-reducttion -

L4 %

3
3
b. Marble ' -

T
+

vl Vo, Bensrh

c. Grenthr1x ; ; )
d. The hydrox1de/carbonate ratio &///"

F 17. A water with h1gh;pH h1gh alkalinity an [ high alcium

content wou]d ]1ke]y be - a depositing wa fer.

18. Phosphate added after recarbonat1on and'pr1or to filtration

in a water plant § v ,

. Ties up (che]a?es) calcium and minimizes caCQé depbsition

b. Provides. a nutr1ent for the bacterifa to-aid the filter

P
-

ﬁk e e i S
-
[o¥]

c. Flocculates’ any bacteria or algae present
d. Causes iron togprec1p1tate - )
]9 Oxygen 1n the‘water in corrosion systems e
a. Removes the hyd?ogen film
] - b. Increases cornfs1on rates .
c.
d.

T mmlret A, v e semcare e

Reacts to form 1ron ox1des
All of the above»

? 60 » ‘ .
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20« What type of corrosion cell is involved iwth ‘grounding of
water piping - . The corrosfon, if

any, shows up at ‘ -

— T F 21. Iron deposits can occur with iron bacter1a

22. Which of the following waters would be of most concern
P

with copper piping : T e

. _.__a.High pH, high COy _° Ao
- b. Low pH, CO2 present, ch]or1des, low hardness
. . ~ €. High phosphohates, .pH 8 to,10 e ;
/ : T F 23. Current flows from the positive areas (anodic). to the
/ B negative areas (éa?ﬁggic) and metaTlic ions acpompanikthis
flow. . \

/ ) 24, If a e]ectrochem1ca] “corrosion cell is established ith
copper and cast 1ron which metal will corrode (anod1c)
~a. Copper ) .
b. Cast iron ' S ' f
25 what are two corros1on #actors of concern. w1th sta1n]ess

stee] . LT e .

%\a . H : : /". .

b. | -k !

2. Cite two typesfof .Tinings or coaéigsi\thai cam be used to

é% prptect againsft corrosion . }
a. J ' . \ 5
, R % 3 | :
R . . L h . ]
+ 27. BGalvanized steel contains - 4) " .
. . ~ 4
{  ta. Platinum , y ; |
ol } © b. Lead . ‘ ‘ )
' c. Zincy~ - 1
¢ . d. Mapgé;;se i
. T F 28 A meta] e.qg.
. R cathodic protection if a.metal anodé [fower 1n§the galvanic
Q
@ ; series is used as a sacrifical meta]‘
P i 29. Which of the fo]]ow1ng metals :in combinat1on;w1th ortho-

i phosphate acts as a corros1on 1nh]b1t0r >
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a. Cddmium ' ]
b. Zipc ' .
. c. Lepd . . A
T “d. Mahganese - T T bt
. 30. Which)of the following could be used-to protect against -
steeljor cast iron corrosion via cathodic protection
) a. Chfomium = o e . ’
b Tig - c
c. Magnesium [N
. o . - . - {
31. Whichof the following 1gsgn iron bacterium !
a. Crdnothrix i 3 )
d\b. Dequiforibrio o b
. " c. Coliform ‘ | ' b,
4 y
d. Salmonella ¥ ‘ . oo ‘
\ 32. Two sofi1 characteristics that are significant in evalua- 7
ting the corrosive tendency of soil are ° ¢
. _ . i
e - o a' : N - = 0 hd o e: :
\ b. _ , ™y -
T F 33. Hydrog¢n sulfide formatign from bacterialt breakdown of Yy b
: . sulfatgs. occurs in anderobic pipe sections. o i .
34. List orje control or treatment, technique for iron bacteria i'{é. .
' in a wdter system. : « B i ’
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