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The Explosion Hazard From Hydrogen Gas Generation
Inside Sealed Frames

Background

TheNationd Inditute for Occupationa Safety and Hedlth
(N1OSHYecently investigated ignition incidents resulting from
drilling holes into seded and filled plow frame sections. A
farmerand farm worker were serioudy burned in two sgparate
incidentsthat occurred in the same county in New York under
similarconditions. They had just penetrated sedled sections of
their plow frameswith dectric drillswhen aroar of escgping gas
at high pressurewas heard, and the victims were thrown back by
the gas jet and engulfed in flames. The flames were quickly
extinguishedput the victims suffered burns. NIOSH experts

Approach

Inspectionof the frame sections involved in the incidents
showedho discol oration, charring, or blistering of paintintheim-
mediate vicinity of the holes Probing the holes with a
magnetizedblade reveded a hard interior fill materiad and the
presenceof some metd punchings. Thisfill materid was more
extensivelysampled from another section that had been cut
through (figure 1). This reveded a wide range of med
punchinggshat was used as bdlast in these sed frame sections,
whichhad been wdded shut after the filling operation. The
punchingsverefoundto cond s of variousformsof sed (carbon,
galvanizedand stainless) and other metds, induding titanium.
Sealing the holes and sampling the gases present reveded the
depletionof oxygen from the origind air aimosphere and the
presencesf hydrogen. The hydrogen concentration wasfound to
increasewith time under sedled conditions. The pressurein the
resedled sections dso increesed with time a a deady

rate. A safe method of drillingo an intact seded section was
foundand was used to determine the gas pressure and com-
positioninthissection. Thisgaswas nearly pure hydrogen a an
absolutepressure of 185 pd, or over 12 times amospheric
pressure.

Results

Themechaniam for the generation of hydrogen has not been
definitivel yproven; however, dl available evidence pointsto an
electrochemical reection involving metds of subgantidly
differentactivity and dectricd potentid in the presence of water

were asked to help find the cause of these hazardous incidents.

andoxygen. Theoxygenhdpsprovidetherdaivey highvoltage
neededto decompose water to hydrogen and hydroxide ion in
conjunctionwith an active metd such as zinc (the coating in
galvanized steel) or possibly aluminuiiine origin of thewater
isbdieved to be an oil/water emulson that is used as a cutting
fluidin machine shops. Only afew tenths of a percent of water
inthested scrap can account for thehydrogen pressuresthat have
beenfound in frame sections. To date, only metd-filled frame
sectionshave shown evidence of gas formation. However, the
possibilityexigs for the formation of hydrogen from a sedled
hollow frame if acidic conditions exist in the section from an
acidicflux used in fabrication or from bacterid action. Bacterid
action can dso produce methane under anaerobic conditions,
which was found in one of the frames investigated.

Recommendations

Clealy, the presence of a highly flanmable gas such as
hydrogen at higlpressures insde asmple plow frameisboth a
seriousand unsugpected hazard. When such aframeispenetrated
by an dectric drill or by an acetylene torch, that gas will be
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a powerful jet that will entrain air and be eedily ignited by the Toreceiveather information about occupational sefety and
electricmotor or torch flame. The public must therefore be heal thproblems; call 1-800-35-NI OSH1-800-356-4674),
alertedto the potentid hazard of drilling or cutting into sedled or visit the NIOSH Home Page on theWorld Wide Web at
framesections on farm equipment and other equipment frames,

particularlyif theframehasbeenfilled. Sgnsor lightsshould be
attachedo theequi pment only with built-in or damped mounting M entiorof any company name or product does not consti-

brackets or other nonpenetrating devices. tuteendorsement by theNational Ingtitutefor Occupationdl
Eliminatinghis hazard will require more stringent control Safety and Health.

over the bdlagt materid used to fill the frames to ensure that

http://www.cdc.gov/niosh

internal gas is ngbroduced or that expansion of thefill does not
rupturehe frame upon strong hegting, asin aweding operation.
Underpresent circumstances, manufacturers should limit ther
metal scrap fill material to ordinary steel similar in composition
to the sed frame smdl vent holes should be provided to
eliminatehe posshility of gaspressurebuildup inddethessded
sections.

For More Information

For more information on these findings and how to prevent
thi sexplosion hazard, contact |ssec A. Zlochowver, Ph.D., NIOSH
PittsburghResearch Laboratory, Cochrans Mill Rd., P.O. Box - g mte s MRy g B
18070,Pitt5burgh, PA 15236'm701 m (412) 892'42761 fax: Figure 1.CMetal fill from exposed section of plow frame.
(412) 892-6595, e-maibhzO0@cdc.gov




