IIT Research Institute
~ 10 West 35 Street, Chicago, lllinois 60616
312/225-9630

Novenber 18, 1970

M, Qho Urich
Arnstrong Machi ne Wrks
Three Rvers, Mchigan 49093

Dear M. Urich:
Subject: Steam Humdifier Tests, Project C8197

This is a letter report describing the tests conducted and
results obtained in a series of steam humdifier tests perforned
at |IIT Research Institute. The purpose of these tests was to
determne the purity and quality of air humdified by an
Arnmstrong steam humdifier wth respect to possible particle
contam nation from materials which mght be carried over from
the steam supply to the humdified air. This particle con-

tam nation could be introduced by inorganic corrosion particu-
lates as well as condensible organic additives which mght be
present in the steam supplied to the humdifier.

EXPERI MENTAL FACILITY AND TECHNI QUES

An Arnstrong nodel No. AMR32D-M steam humidifier fresh off

the production line was mounted in a 618 ft.3 aerosol chanber.
Absolute filtered air froma HEPA filter at 1035 CFM was

passed through this chanber which can be considered an expanded
portion of a HVAC distribution system for the purpose of these
tests. The humidifier was nounted downstream of the absolute
filter using standard humdifier installation procedures as

recommended in Armstrong catal ogue 502B.  Thus any. particles
produced by the humidifrer could then be sanpled directly from

t he aerosol chanber.

Two sources of steam were utilized in these tests, physical
plant steam and steam from an electric boiler. The physical
pl ant steam supply was tapped froma 100 PSIG nain in t¥1e
Chemstry Building with a 50 ft. run of 1 in. schedule.

80 black iron pipe. At the end of the 50 ft. run a PRV
reduced the pressure to that used for the test conditions,
usually in the 2 t 4 PSIGrange. Following the PRV a

15 ft. run of uninsulated pipe was installed to ensure

that no superheat was present in the |ow pressure steam
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by the time it reached the humdifier. A pressure gauge, in
the 5 ft. long 3/4 in. iron pipe preceding the humdifier,
indicated the reduced pressure; A tap located in the 3/4 in.
line permtted collection of condensate from the supply steam
line. An all glass steam condenser was also used to collect
steam issuing from one of the nine ports on the Armstrong
steam humidifier manifold.

Al though nost of the tests were run with the physical plant steam
supply, @ Speedyelectric S 100 A2-3 steam generator could also

be operated at 80 PSIGas a substitute for the physical plant

st eam supPIy. Either the physical plant or electric s'team sup-
plies could be brought into the tee upstream of the PRV by opening
the corresponding valve. The Speedyelectric generator is of the
el ectrolyte type which requires addition of sodium bicarbonate to
make the boiler water electrically conductive.

Information supplied by the 11T boiler plant engineer, M.
Morehead, indicated that the boiler feed-water was softened
with a zeolite softener. Caustic soda is then added to bring
pH to the phenol and methyl orange end point. Nal co #473, an
organi ¢ copol ymer with phosphate and antifoam to prevent sludge
deposition., is naintained between 60-80 PPM Nal co . #19, a

stabilized sodium sulfite for oxygen control, 1s maintained
between 40-70 PPM  Nalco #352, a norpholine type volatile
amne, is then added to maintain the pH between 7.6 and 8.0.

Particle content of the humdified air was nonitored by neans
of a Royco nodel 245 particle counter capable of sizing

particles down to 0.3 pum in diameter. A | | a_ cascade .
i mpactor was used to ogt ain confirmation oFa?%e aRoyco particle'

count in one of the tests. The short glass sa Iing? pr obe
which transported the aerosol from the Test chanmber 1o the
Royco particle counter had provision for electrical heating

to conpare the volatile and non-volatile particle count. t
and dr?/ bulb tenperature readings before and after hum difi\éea-
tion along with know edge of the air volume (1035 crwm

permtted a calculation of the rate of steam injection in termns
of pounds of steam per mnute.

RESULTS AND CONCLUSI ONS

Initial tests with the freshly installed Arnmstrong humdifier
indicated a bake-off period was required to renmove condensible
organics from the alumnum paint and from the pipe dope that

had been used on one of the nipples in the humdifier assenbly
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as received. Before admtting physical plant steam to the body
of the humdifier, the Royco showed |ess than 2 particles per
cubic ft. (PPCF) 0.3 pm and larger. \Wen the humdifier was
pressurizea wWth steam aerosol was observed to cone off of

the external painted surfaces resulting in an excessive particle
count (>100,000 PPCF) even though the steam injection control

valve was closed and no steam was admtted. |n order to nount
the humdifier directly in front of the 1000 CFM HEPA filter,
the entire humdifier was placed in the chanber. In a typical

installation, only the stainless steel steam nanifold would

be inserted in the duct, thereby avoiding the introduction of
r‘;srm(l;_ef"_ particles from the paint bake-off of the body of the
umdifier.

Wien the particle count had returned to below 2 PPCF follow nq
a 24 hour bake-off, the humdifier control valve was opened.
Again the particle count exceeded 100,000 PPCF, but after an
internal bake-off period of only 2 hours, the particle count
had dropped to about 1000 PPCF. The particle count continued
to drop, although nore slowy, over a 24 hour period until
counts of the order of 100-300 PPCF were observed. After
several days of bake-off, tests were repeated using both
physical plant steam and electrically generated steam

In the test of 9/1 with electrically generated steam higher
particle counts, of the order of 1,100 PPCF, were obtained than
in subsequent tests with physical plant steam Table 1. The
resence of inpurities and added electrolyte in the electric
oiler feed water (tap water with sodium bicarbonate added)
can account for these high counts, although the count may have
continued to drop if the steam generator could have been
operated on a continuous basis with automated feed and bl ow
dowmn. As it was, the electric generator could be operated
only manually during working hours, liniting the test to but

a few hours duration.

Al subsequent tests were conducted with the physical plant

steam supply so that the humdifier could be operated on a 24

hour basis to allow stabilization. Typically, counts would be
high at the start of a test with the Surge of steamin cold

feeder lines. Therefore, the feeder lines were pressurized and
steam was injected usually overnight preceding a test. Not e

that particle counts ranged from 23 PPCF to 295 PPCF for > 0.3
particl es. Wien it is considered that normal atnospheric counts
are well in the range of nillions of PPCF, the very low particulate
contribution by an Arnstrong steam humdifier is apparent.
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Table 1

PARTI CLE CGENERATION TESTS WTH AN ARVSTRONG MODEL AMR32D-M HUM Dl FI ER

Dat e St eam Suppl y
All None- Bl ank
9/1 El ec. St eam
9/2 Physi cal

plant steam
9/ 24a  Physi cal

plant steam
9/ 24b  Physi cal

plant steam
9/29a  Physi cal

plant steam
9/29b  Physi cal

plant steam
9/30a  Physi cal

pl ant steam
9/ 30b Physi cal

pl ant steam
10/ 23  Physi cal

pl ant steam

Bef ore After
Hum di - Hum di - Steam 1
fication fication Injection, Particle Concentration, 2 ppcf
SF ¥WH °F UM 1bs/nin 03-0611 06-1.54 1.5-3.0u >3.0u Renmar ks
0 <2 0 0
89 35 90 55 0. 464, 800 250 85
88 40 90 64  0.581 160 85 50 0
86 39 87 53 0. 307 216 ppcf >0.3p (unheat ed) Test with unheated
, and heated sanple
86 39 87 53 0. 307 221 ppcf. >0. 3p, (heat ed) pr obe
82 34 83 52 0. 341 50 ppcf >0.3p (Royco) Conparison of Royco
and Casella counts

82 34 83 52 0. 341 58 ppcf >0.3p (Inpactor)
77 42 81 57 0. 336 23 ppcf >0.3p

34 81 54 0. 420 31 ) _airkducf:ted ‘o
76 : air intake for

ppct >0.3 last three tests.
75 43 82 58 0. 407 120 40 10 0
! Based on 1035 CFM of air bei ng humdified as calculated from humdity tables.
2 Royco particle count unless otherwise noted: count is based on sanpling rate of 1 CFM'
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If the particle count is calculated on the basis of PpCFadded

for each 10%RH i ncrease at 76°r, only about 73 PPCF are added.

i f the hi ghest physical plant steamparticul ate concentration
figure is used, test 9/2. If thelowest particul ateconcentration
flgure'_l sused, test 9/30a, Only about 10 PPCF is added for each
10% RH i ncrease at 76°F,

The question arose as to whet her the Royco counter was counting
water droplets or nore permanent | owvolatility materials.
Therefore, in tests 9/24a and 9/24b the count was conpared

wi t hout and wi th a heat ed sanpling probe. The probe was heated
to as high as 170°F, as indicated by the air tenperature, but

no significant difference was observedinthe particle count.
These results were further confirmed in tests 9/29% and 9/29%
where the Royco particle counts agreed reasonably well with

m croscope counts taken on Casella cascade inpactor sanpl es.

The conclusionis that water droplets as such did not contri -
bute significantly to the Royco particle counts inthese tests.

In the test of 10/23 condensat e was col | ect ed upstreamand down-
streamof the Arnstrong hum di fier as described in the beginning
of thisreport. Approximately one quart was col | ected at each
site, sealedinbottles, gent tothe Dearborn Chem cal Division
of W R_GaceandConpany,_and was anal yzed at their | aboratory
inLake Zurich, Illinois.” The follow ng test report was
received, Tablell.'

Tabl el |

Dear born Chem cal Division Anal ysi s of Condensat e Sanpl es
from Test 10/23

UpstreanConcentrati on Downst r eanConcent rati on

or Condi tion or Condi tion

S10 2.0 ppm 0. 35 ppm
C32 <O.4IOIO <0.4 PP
Mg < 0.4 <0.4
Na 0.23 0.04
HCO4 5.0 7.0
CO3 5.0 0
cl 8.0 3.0
S04 < 1.0 < 1.0
NO3 _ 1.0 1.0
Mor phol i ne 10. 0 ppm 5.0 ppm
PH . 9.2 7.9
pAl kalinity 4.0 0
|%1AI klall_ll n(|jt y 12.0 16. 0

ot al Hardness <1 < ppm
Specific < 7 p,mgo 6  pmho
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Note that significant reductions in silica, sodium carbonate,
chloride, norpholine and alkalinity were reported, and in
particular, the norpholine content in the steam ejected from
the Armstrong’ humdifier was half that in condensate collected
ahead of the humidifier. |If steam containing-5 PPM of norpholine
Is used to raise the relative humdity |evel 40% at 76°F, one

ound of steam will be used for every 133 pounds of air, or

PPM of norpholine in the steamw |l be diluted to 0.038 PPM
or 38 PPB.

In conclusion, the tests conducted at IITR indicate that once
the Armstrong humdifier has passed through a bake-off period
of at least 24 hours, particulate contam nation bty physi cal
plant steamnjection is very low - of the order of 100 PPCF

or less of > 0.3 particles for each 10% RH increase at 76°F.

An electrolyte type of steam generator produced particle counts
about three times as high as the IITRI physical plant steam
suppl y. An analysis of condensate collected before -and after

t he x_rrrstrong' hum difier indicated only 50% of the norpholine
supplied to the unit was injected into the air being humdified.
Based on a 5 PPM norpholine content in the 100% steam injected
(or 10 PPMin the sup#ol y), less than 0.04 PPM of norpholine
results in the humdified air when the % RH is increased 40%

at 76°F.
Respectfully submtted,
|| T RESEARCH | NSTI TUTE
/@mﬂ/ww
Donald Veérle
Research Chem cal Engi neer
Appr oved:

%MFM

5hn Stockham
Manager
Fine Particles Research
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