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T CORROSION ENGINEERING AT G.M.I. V' . ¢

Corrosion and Corrosion Control, C-_4l4,' finds its 'origin ina ,

Continuing Engmeermg Education (CEE) Program at G:M. I. The original

concept was one of mforxmng engineers w1th a number of years experience
about new and innovative concepts in corros:ron protect1on and control

ThlS original course was a one week mtens:.ve program carried on in-

res1dence by people from all over the General Motors Corporat1on. Because
- of the favorable acceptance of thlS courSe by plant personnel it was

‘ opened to cooperat1ve students.

As a’ pomt of background General Motors Institute is a small
cooperatlve engineering school of about 2,000 students. These students
are predommately in the Mechamcal Engineering curr1culum with some
1ndustr1a1 and electrical engmeermg students. These ’students alternate ’
between s:n.x-week periods of’ academc study and six weeks of related work
exper1ence in their sponsormg plant. The group - that nost often takes .
the corros1on course is mechan1ca1 engmeers in a Mater1als Optlon. The

Mater1als 'Opt1on is a sequence of seven courses at the Junior and Senior

level which provide these peopleg with a background in current materials

. : kA
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topics. = - | N

-

The corrosion course prov1des the students w1th an mtenruxmg of

* - chemistry, metallurgy ‘and polyh\er sc1ence as it applles to. degradatlon

of 'materlals. L1ke the CEE course, the cooperatlve program course is - -

based on pract1ca1 corrosmn. control practlces and 1dent1f1cat1on. ,The

emphas1s of the course 15 tq provide the students mth a background 1n .

'corrosmn ‘identification and the knowledege of control and prevention

-
e -
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~the other topics and testing.

COURSE FORMAT .

-~

Corr051on and Corr051on Control is taught in two snc-week segments,
_three hours per week The main text is "Corrosmn Englneermg" by .

. Fontana and Greene. In addition numerous supplementary texts, articles

and vendor literature are used to supply the students with varlous

v1ewp01nts. It is the overall ObJ ective of the course to g1ve each

.. student a working knowledge of var19us corrosion phenmnenon ‘and to make

him aware of the sources of corrosion information vevailab'le.' To this

goal the following outline is followed:

Topical Qutline S A

'Ba51c Corrosion Chemistry

Measurement of Corrosion , .

‘Corrosion Mechanisms. - , : .

Corrosion Solutions
(a) Change Material B
(b) Change Environment . S

. (c) Change Design - . - "
(d) - Protect ' ’ <

Testing - ' o .
Research Methods T :
Addltlonal Related Materlals .

The time allocathn is about three weeks on corrosion mechanlsms and -

“ five weeks-on corrosion solutions. The remamtng time being, spent on

L g

In each six-week period there is one paper and one test. The course

material emphasizes identification of corrosion mechanisms primarily
in metallic materials. Besides text material each student is exposed

to vas‘much hm‘l;)ds-on-.experience as possible through slides, movies and .

-
»

numerous field failure samples. The objective of these experiences is -
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v , , / to equip the student w1th skllls which w111 enable him to identify 5

. /
|/ field fallures and to suggest possible solutions.

In the last thrweeks of the f1rst sectlon, the emphasis shlfts

/ ;
/ from 1dent1£1catlon of corrosion problems to their solutions. As a .
/oo 3 / i
F main lme of dlscusslon the concept that all corrosion problems can

" be solved by one of four methods: (l) Change Matemal, (2) Change En\rlron-
. ment, (3) Change DEslgn, @ Protect the mater1a1 1s pursued. -

Change the Matenal T | r | |

-----------------
"

; | In 1’.h,1$ area physical substitution of, as well as modlflcatlon of,
o)

{ .
i the metallurglcal structure by alloymg or heat treatment is consulered.,
/ .
! Topics mcluded in this dlSCUSSlOIl are staJ.nless steel, non-£ferrous
‘/ metals,, plaStICS, wood, glass and ceramic. ' |
!
11
' Change ‘the Env:.ronment

‘v‘ well as cathodic and anodic protection. .

Emphasis in th15 area is d1rected toward the effects of mh1b1tors,

veloc1ty, concentratlon, temperature, pollutants, and their mteract1on.

'Much emphasis in@this area is directed to the general analysis of

existing designs and their improvement. General guldel:mes are pmposed

‘ : regardmg the physical arrangements of the metalllc or non-metalllc parts

of the system and how this might be optimized.

PR e-i-pui-g-gip g I T
‘ 3

In this area coatings, both metalllc and polymerlc, are discussed as
The above areas are discussed

El
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are dlscussed (s

" PAPERS, ' '

pr1mar11y in a 1ecture fonnat with guest speakers in the areas of plastic
degradation and pa1nts Thesefﬁuests add variety and a broader ‘base to
the cleiss. 4

In the lasf 1/3 of t'hé course, l‘aboratory andvfield testing; as'

well as electrochemlcal 1aboratory testing and other related topics,

.

. .

As part of the course requirement, each 'stl;derit must write two
’ ’

papgrs, one each during the two sections. o . ‘ o

---------- 4

The 6bj ective of the first paper is to:involve the student with the
current literature and to present the state of the art on some practical -

corrosion problem. Typical topics for this paper are:
(a) Corrosion in Cast Iron: , *
(b) Protective Coatings for Marine Emrlromnent
(c) Corrosion Characteristics of HSLA Steels .
(d) ‘Chloride Corrosion of Reinforced Concrete "
(e) Corrosion and Cooling Water Treatments
(f) Stress Corrosion in ABS .

'I'hese titles are toplcs of common mterest £rom readily available period-

' 1ca15 and Journals as well as from personal experience, Students may

choose a topic from a list as prov1ded by the mstructor or he may write

on a top1c of hls invention with the instructor's consent.

The student is required to give both oral and written reports on

the subject. The written report is gemerally Limited to ten (10) typed

L2




‘1ibrary work.

pages. In conjunction with his oral report, he is asked to provide
each member of the class w1th a one page handout smmnarlzmg the
mportant areas of h1s presentation.. ThlS handout not only alds the .
speaker durlng his presentatlon, but 1t also prov1des each student in

the class with a ready source of knowledge on a spec1:E1c current topic

~ that ,he would not normally have available to him without extensive

The purpose of the paper in the second six-week period is to
involve each student in a hands-on experience and to evaluate that v
experience and report on it. °This usually entails a labor?fatorf
investigation of an area of 1nterest to .the student. Th.lS hands -on -
experlence is qu1te beneficial to the student since he 1s required to

. make decisions wh1ch will greatly influence the behav:Lor K)f his test

situation. In general the students achieve well in thlS phase of the

~course. There is free discussion between the lead profeSsor and the

students and numerous brain storming sessions which allow free inter-
change of ideas between s‘t:udents and faculty. The problems that are/
mvéstlgated are, in many mstances, quite pertinent to current mﬁufac-
turing and design conditions. (See Appendix) These toplcs are of the
students' choice and) are often related to his plant experience or in
'other cases a ‘student may choose a topic from the area'of his' first '

Y

paper. There is usually no trouble in determining an area of investigation
£ 1

but rather some d1ff1cu1t1es are encountéred in narrowmg ‘the topic area

5
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to fit the time and equipment constraints‘. Before a student can

begln a prOJect he must meet with the lead professor and outline his e

mvest1gat1on When agreement is reached as to the extent ef 'the proJect -

anid what is expected of the studént, he can beg:m. - e, |
. Again each student is requlred to present both oral and written | '“”_“‘?i\,, o

Teports for his second- paper and as before a handout sheet outlining . {

PR

the pertinent points of his paper. o

EVALUATION OF‘ STUDENTS ¢

Tests - e

Geherally two one-hour examinations are given during this course. .‘ ' ;
. , One in eac}; six-week period. The-exam during the f1rst section is o |
o ‘ about 1/2 theory and 1/2 diagnosis of field fa11ures.. These field ‘

| | failures are presente to the student ir the form of actual parts with

a c'ard,listing some facts about the environment. ,Sttidente are asked
| (l)‘ List the form or forms of corrosion. | | ‘

(2)' Briefly describe what features led . ' ' -
* them to their decision. ' v

(3) How can this problenm be avoided. |
Samples for th1s portion of the test are carefully chosen to mnumlze . « }
confusion of the student. As an ‘example; if ‘a dezincified part is
displayed~-the student would be expected to identify the form by color ‘
‘and by-alloy and suggest replacement w:.th a Sb or As.modified brass

alloy or a lower Zn brass.» o




to describe the new system or ¢

[

s N

The second exam is written late in the second dection and deals

. primarily with case studies evaluatlon of corros1on failures. Several

situations may be proposed in whlch a des1gn mod1f1cat10n or a’ protectx,ve

system mstallatlon might be appro riate. The student would be expected

ges to an exlstlng system giving
specific reasons for these |

»

WRITTEN AND'ORAL REPORTS

e

Written reports ave evaluated by the lead pr'ofessor after the

student's oral pres tion. The reports are judged on how well the
original plan and t{ final report correlate, how carefully the data
was collected, e1ther in the literature or in the laboratory, and what ‘
conclusions were drawn. The student is judged on his ability to field
questions, his presentetion, his originality in attdcking theproblem

and hlS technical expertlse in the area., The evaluation is primarily

-carried’out by the lead professor. There are, however, mputs from

those faculty who have particular expertise in the area of the student's

investigdtion as well as the fellow students.

COMMENTS

The corrosion course operates on a very practical level. It is

not intended to produce corrosion researchers, but.rather mechanical

engineers with an understz;nding for the causes and effects of corrosion.

VI
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n , . . ,
’I‘he heavy emphasis on skill 1earniné in the first section of ‘the
-course may be cons:.dered by sqme to be technlcal training. I’believe .
this form of education is necessary to really tpenetrate the mtellect | S
and give the student a "gut feel:mg" for the subJ ect. - Properly ' B
grounded in a dlsc1plme, a student can more read:.ly apply this ktmwledge
" to real situations. Consequently, an engineer with a strong sense.of -
what is happening ‘an& with the ability to identify the problem quickly g

can more effectlvely solve or hopefully prevent potentlal preblems

Fatn
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APPENDIX A
TITLES OF RESEARCH PAPERS

Galvamc Corrosion Study Between SAE 409 Stamless Steel and
SAE 950 HSIA Steel.

Corr051on Effects of N1tr1c Ox1de (NO) -and Sulfur Dioxide (SOZ)

<on 1008 ‘Cold Rolled Steel.

0
K

Cutting Fluid Corrosion..

4) Solidification Tests on Inconel 718 and Inconel 625.

)
6)

7

8)
9

10)

w -

Engine Cooling System Corrosive Inhibitor.

Electrochemical Measurement and Anodic Polarization of
Stamless Steel.

A Study of Corrogion Measurement by Changes in Electrlcal
Resistance Usmg Alummun and Copper.

Corrosmn of 440C Stainless Steel.
Corrosion of Metals in the Food"Processmg Industry

'Undergmund Corrosion-A Study of Anode P051t10n.u



APPENDIX B

Sax_rq)ies of Handouts Prepared By Students
For Their Oral Reports .
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s - "' . BACTERIOLOGICAL CORROSION ‘
ActualIy ’ bocterlological corrolion is corrosien of a material ;- .“:Q

'by ‘the byhproducta,of ‘the 11fe proceslél of bacterla.“
‘ Two maJor kinda of baeterio that are neceu-arily harmful to steel ~
“775‘;"53'~ . ‘are s ° : . : '
et 1. AEROBIC strains which oiiﬂine sulfur.
o 2. ANAEROBIC strains which reduce lnlfoten.
Qulfur containing compounds can be found in soluble o1ls or in

machined chips of steel.

| AERomc'mAc'noﬁ : xS +30, +,RH;;O -——>‘;_1'H1'Sd"qf .
ANAEROBIC RT’ACTION : SOyt +'+H1—v S +H10 o

- %%% Lew concentrations of Blgq‘are h1ghly corrolive to steel.

" )

.

4 L

The combxnation of mach1ning chlpl ’ dirt ,'and solnble o1l
1.f«7- apray became a suppor%ive medzum for aerob1c bacteria stro1ns which
tf were dxscovered by'the pH indicator, and the pittzng corrosion om °

-

hd

- 1008 steel sample., ‘The coantions vere accelerated. Temperaturg/
: was 115 P. and 100 humzdity. : v .

T
A s
*

o 5; ' ol A possible solutlon to the steel hydraul1c line corrbslon problem

would bhe. to 1ntroduce a bactericide 1nto the soluble o11.




Stress Corrosion Cracking of 300 Series Stainless Steels -

e -v ; Streés zmos1on cracklng is that crack,mg caused by the smultaneous

e

e e f:reSence of a tens:.le stress and a spec:.f:.c corros:s.ve med:Lun. The .
v danger of stress COI‘I‘OSlOl" craclc:.ng is tnat it can cause fa:.lures well ’

m.thln the tyolcal des1gn stress range. Damage proceeds most rapldly :

i, ) .
° L% ) : T cen

near fa:.lure, and fa:.lure occurs. by mecham.cal i‘racture.

Tariables

 stress - The higher the stress, the less time it takes to cause -
failure. A threshold stress level exists for each set of
cond:LtJ.ons below which cracklng w:Lll not occurs.
tempcrature - Increasmg temperature accelerates cracklng. - A
temoerature threshold also exists - usually below 100" .

env:Lronment = 300 series, sta:.nless steels are sens:.t:.ve mainty
to chloride solutions and caustics; and the presence of
- C ) - oxidizers speeds the. cracking process. .. Aj wet-dry-wet-dry
. o : cycle is commonly more demaging than constant immersion,
o and a material.-must be reevaluated for each change in
environmental cond:Lt:Lons.

< \/a_lo“i 2110; anPoO:mtituents change the resistance to_stress corrosion
CI‘UCuLn{’. . IL hcuertl,’ 3’)0' gseries stainless steels fall into tiree

grouss of CI‘S.C‘{J.TI" reolstance. ‘
. low 30h T medium 3’75 S good 310
m 304-L . . 3uy - o 3th
' ’ j o C 316 . S
P ' . : B ) )“7
| S

. ‘stress corros:.on crac.c1ng can be prevented or reduced by.

%

LOWer:w" the stress levels a.nd the tem eratures

2.' ’"ducmg the reac tiveness of the crlt:Lcal env;roment
3¢ Ghan'e to & more res:.stant alloy

S

K ‘ R ’ -h, cataodn.cally protect the part
o o g




_&?ﬁ " Concrete as a Material in Corrosion Service

* vt
- oo »
. .
.

I. Concrete consist of three materials

¥

1

‘A, Mixing wnter - almost any water will do except for minerial water

PR (-'ties up the’ binding agents 7 o
o . <
B. Aggregate
" 1, Stone, sand, -1 ,ete. ,
, 2.- only harsh en " cments have any corrosion effect ‘
Co Cement - o o A o,
l,tFour ma jor componnd : ' ' S )
a, 3Ca0 SiO . ‘
. T o» . b, -2Ca0 SiO o K .
" - ¢, hcao 8120 F8203 yoLe
d. 320 AL, - -
ST » Concrete corrosion - conerete protectiOn

A. Ieaching. of free lime
1.Causes
a, Sotf water on external surfaces
b. Water seeping “through strusture under pressure~
2. protection .
» ~ a. Increase Ca(OH)gccontent T :
_ ‘ , ; ' ‘b. Isolate concrete from* attacking environment .
B. Exchange corrosioh of readily soluable compoundS«
" I. Causes
a, Ion attack in a fluid media
‘b, washing away of corrosion product
2. Protection ‘
a. Isolat% concrete from: aggresive fluid
b. Pour denser cohcrete _
"¢, Find a'cement_more suitable to.environment

N

s C. Corrosion hy expansion'
1, Cauges - same &s "B" except corrosion product is not carried away
2. Protection - same as "B" - .

3

"
The best methods of protection are the simplest and least costii.
Meaning during mixing and pouring of the concrete not after it is in use.

o




