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This   project   aims   to   study   the   inhibition   effect   of   sodium   nitrite   (NaNO 2 )   on   the   corrosion 

of   carbon   steel   in   water   boiler   systems.   Nitrite   is   already   used   as   a   corrosion   inhibitor,   which 
greatly   reduces   the   rate   of   rusting   on   the   pipes.   It   therefore   prolongs   system   life   and   reduces 
maintenance   costs.   However,   scholars   offer   differing   descriptions   of   the   role   specific   oxides   play 
in   the   inhibition   process.   We   intend   to   study   the   kinetics   of   this   corrosion   and   inhibition   process 
and   measure   the   physical   properties   of   its   product. 
 

The   conditions   of   a   typical   boiler   (closed   loop,   turbulent   flow   of   treated   water   at   80   ℃) 
are   replicated   by   suspending   polished   steel   samples   in   a   flask   of   prepared   solution.   The   steel 
samples   are   cut   from   a   pipe   commonly   used   in   water   boiler   applications.   The   flask   is   heated   and 
stirred   for   a   given   amount   of   time.   The   concentration   of   the   inhibitor,   temperature,   and   treatment 
time   are   the   main   variables   of   interest.   After   their   treatment,   the   samples   will   be   analyzed   using 
X-ray   Photoelectron   Spectroscopy   (XPS),   which,   by   distinguishing   elements   and   oxidation 
states,   identifies   the   product   formed   at   the   sample   surface   and   measures   product   thickness   and 
its   composition   as   a   function   of   depth. 

 
In   addition   to   obtaining   the   XPS   results   introduced   above,   this   summer’s   work   intends   to 

determine   the   effectiveness   of   the   simulated   solution.   A   sample   is   treated   in   actual   boiler   water 
(used   at   Calvin   College),   prepared   nitrite   solution   in   DI   water,   or   blank   control   groups   (DI   water, 
tap   water,   and   not   treated   at   all).   If   the   results   from   the   simulated   solution   are   similar   to   those 
obtained   from   real   boiler   water,   we   are   confident   that   nitrite   is   the   dominant   factor   in   driving 
surface   passivation. 
 

By   the   time   of   this   entry,   we   have   reviewed   various   literature   and   identified   corrosion 
product   solubility,   oxide   film   porosity   and   permeability,   and   surface   adsorption   to   be   potential 
causes   of   inhibition.   We   have   designed   and   tested   our   apparatus,   and   conducted   various 
qualitative   tests   studying   the   effect   of   polishing   and   cleaning,   location   of   the   sample   on   the   pipe, 
flow   rate,   treatment   time,   and   the   solution   used,   by   comparing   the   treated   surface   with   a   fresh 
surface.   We   discovered   that   nitrite   solution   and   DI   water   do   not   cause   any   visible   rusting.   Tap 
water   induces   local   corrosion   and   the   pits   or   streaks   of   rust   are   distributed   mostly   randomly   over 
the   surface.   The   corroded   areas   grow   over   time   but   the   number   of   sites   of   corrosive   attack   does 
not   increase.   Finer   surface   preparation   reduces   the   degree   of   corrosion.   At   this   time   quantitative 
analysis   via   XPS   is   being   arranged   with   University   of   Michigan   facilities   staff. 
 

The   research   experience   is   much   different   from   regular   course   work.   As   a   problem   more 
opened   ended   than   anything   I   have   encountered   before,   it   challenges   me   to   coordinate   both 
overall   narrative   and   practical   details,   to   stay   patient,   and   think   creatively,   not   limited   to   set 
procedures   and   expectations. 


