5 HI GH YI ELD SPRAY APPLI CATION Field of the Invention The invention rel ates
to spray application of rapid-setting conpositions, to and nore
particularly to a nethod and device for ensuring high yield spray
application of a settable conposition through accurate nonitoring of the

| evel of a set accelerating agent introduced into the spray conposition.
Background of the Invention Spray applications are known which involve the
use of an accelerating 1HIGEWVELDSRRAYAPRUICATIONoNposition after
conveyance through a hose. In particular, the conposition being punped
through the hose is a hydratabie cenentitious particle slurry or suspension
which is expelled through a spray nozzle onto a substrate. For exanpl e,
such accel erating agents are used in the spray-application of concrete
(e.qg., "shotcrete") and fire protection 20 coatings for metal substrates
such as steel beans and panels. A particularly successful type of product in
the fire protection field is a Figydofithdomvedtiohurry formul ation that
contains, in addition to the gypsum binder, a |ightweight inorganic
aggregate, such Hse Biveaﬂbiecblaspa@@p:hy anﬂllysthrf@‘nepldvmttﬁm@ubinbesutnami/ or
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with water at the job site using m xer t IS situated Tat -ground | evel.
The fireprooffad pef aﬁcelerrgtmgsagemﬂntmﬂq@@d intptloeigpray doompsitiese  whi ch sonet i nes
extends to a location 20 to 30 stories above ground level. It 30 is sprayed

through a nozzle onto a stee r construction surface.

As expl ai ned by H|Iton et al —ﬁwbaeﬁ 'rr—g‘%@‘ll"@hel leffi6 03, the slurries nust

possess a nunber y must
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nozzle onto a substrate. For example, such accelerating agents are used in

the spray-application of concrete (e.g., “shotcrete”) and fire protection

20  coatings for metal substrates such as steel beams and panels.

A particularly successful type of product in the fire protection field is a
gypsum-based slurry formulation that contains, in addition to the gypsum
binder, a lightweight inorganic aggregate, such as shredded expanded
polystyrene, vermiculite, and/or cellulose, along with an air entrainer and other

25  agents. Fireproofing mixes such as the MONOKOTE® brand fireproofing from
Grace Construction Products, Cambridge, Mass., are sold as a dry powder.
The powder is mixed with water at the job site using a mixer that is situated at
ground level. The fireproofing slurry is then pumped through a long hose
which sometimes extends to a location 20 to 30 stories above ground level. It
30 is sprayed through a nozzle onto a steel beam, panel, or other construction

surface.

As explained by Hilton et al. in US Patent 4,904,503, the slurries must
possess a number of important properties for spray application. They must

adhere to the metal substrate in both the wet slurry state and after setting.



that they can be punped easily and to great heights. Yet, the slurries nust
retain a consistency so as to avoid segregation or settling of ingredients.
10 From an econom c viewpoint, it is inportant that the sprayable slurry
provi de an adequate "yield." The term"yield" neans the volune of applied
fireproofing conposition, after setting, per given weight of dry m x used to
prepar e the They epusiciet mithootrpodie espandian oy shrinkagecinezrder {0 aVald crdkt on et
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cont ai ned t isﬁrr@d dompditionsanustaie able\to tekl @@élbmmlydla@gé deagtitg of aaterfgpam ng and
expandi ng t e urry conposi tion,  thereby ' substantial |ncrease

in yield of t %y &anweapvmpegeq%ﬁ'l)ﬁ@ndm grﬁ@t héigbtspafeént he slumgssMislygest ed
that the aC?&%W@EGﬁSI%’@PbWEﬂ 8%@0|H%te?rég%§oﬁlo‘r'%éﬁhr§Qiﬁﬁ%kgiérﬂ@ nozzle to 20

m nimze the potentia enln accel er in the feed line
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obtain a yield increase in the range of 0.1 %to 20% Volunetric flow

met eri ng te@lﬁ?ﬁ%ﬁé‘i@ frapeogiingrromRasition siway. -spray application of gypsum based
fireproofing as "l"%'lhc@éséBfe?d’q‘ﬂlﬁr?@?hﬁﬁfsclo(s%ﬂ% grse&%bﬂabe&fﬂﬁ% sRhclfte amount
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of set accelerator introddced into the slurr ,
bel i evedst haet Ebm&enﬁomcmldm@eemjmﬁd indedhé @emantn’n'mmjsliung tarreaal with a

TSt o sbiriiBel S5 SR RE PR A PR B0,
conmer ci al | yo@mmglaﬁﬁml @(pfahﬁmgl‘ﬂﬁé@Irg@lfrﬁ@cﬁs’iﬁérﬂﬁhé@d?bréd‘lﬁng ol D stemiial
Nor doser 90QTH and, from MBT Pt f Australia under the trade nane 35

Vi per Robosh¥reasq inyiglg of tagsl PW?{W&?@@”EO’I@GP&@%%PPE&W%%UQ%EE%r esent
inventors, hoNEeWRl acb&bifye btahﬁhq OHUE dﬁﬁ’too hef ISR fo8EStAthe Igefoessarl ly

guarantee accurate nonitoring where engt hoses are required for
appl i catZoon neihinige tké yotgntiehfer kardeningt @stheAamﬁefratademmx irethe fesd line
during pumping.
The use of an accelerator has been known to convert the setting time
of the slurry mix from about 4 to 12 hours to less than about 15 minutes, and it
is often preferred to employ an amount of accelerator sufficient to obtain a
25 setting time of about 5 to 10 minutes and also to obtain a yield increase in the
range of 0.1% to 20%.
Volumetric flow metering techniques have been used in the spray
application of gypsum-based fireproofing as well as sprayed concrete
(shotcrete) to control the amount of set accelerator introduced into the slurry.
30 For example, it is believed that flow meters have been used for introducing an
alum accelerator into the hose during the spray-application of gypsum-based
fireproofing. As another example, a volumetric flow metering systems are
commercially available from Normet Corporation under the trade name
Nordoser 900™ and from MBT Pty Ltd of Australia under the trade name
35  Viper Roboshot Mkl for use in sprayed concrete applications.
The present inventors, however, believe that the use of flow meters do
not necessarily guarantee accurate monitoring where lengthy hoses are

required for application of the slurry onto substrates. A sufficient level of
2



2 5 accuracy is especially harder to attain where the distances between the
m xer and nozzle are great. For exanple, a high-rise construction site
requires several hundred feet of slurry hose to be enployed. This neans
that several hundred feet of small dianeter tubing will also be required
for punping the set accelerator to or near the spray nozzle. Accordingly,

the hose paidaufdcns eBSediglyhater & attHinWhdré eiecdistackd Doty thedRkEE MY span
the distance of 10 to 30 'stories or nore above ground |evel. The path
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nonitoring of accelerator levels actually introduced into the slurry. 20
Anot her obj¥e§s,er more ahpvevgraenanevc EhematiousHaly inyelveg wiedingdarthd  devi ce
that can wdghghgnd r{)t]%sc%%&'?d Vs‘?evﬁefleﬁbst%leﬁegﬁé‘t 5hd “%d§8§fp.°5l* jdans on

nmet eri ng equi pnent and pluggage effect on the accel efatolf injector; that
enpl oy cl eatistapleeton duksaceslergtardubiegtindiudedadreard wgll opehings,; staindeltshat

i nvol ve un-obirusiveness_to the spray opgration. 25 A .still further
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i ndustrisal Ié@lﬁkg,eaﬁdj r&ASE Bbnditiohs aNatTpleent e cantesledr Mu@ductiBniof @et ng devi ce
shoul d be able to withstand repeated drops onto hard surfaces w thout any

| oss in accificateyaiéig agendtpeasksry. Final |y, an inportant objective of the
present 1nventi o, bﬁjefsz/eOBPtY]'ed;?re nt?iR/éTﬁiBHgQueg%rségﬁ%/ gcgﬁrcfvﬂe S &ahs4 ng

consistently high yrel'd spray ‘application e conposition using a
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being spr aym%r?i?c;rinegddf a%cglersa%c%%lsogctutam?/ iAtPcy urc]:teidcfr?to the slurry.

20 Another objective is to provide an accelerator monitoring method and
device that can withstand the corrosive effect of cementitious compositions on
metering equipment and pluggage effect on the accelerator injector; that
employ cleaning methods using current line cleaning methods; and that
involve un-obtrusiveness to the spray operation.

25 A still further objective is to provide a device that can withstand the
hazards of the industrial work environment. For example, the accelerator
monitoring device should be able to withstand repeated drops onto hard
surfaces without any loss in accuracy or effectiveness.

Finally, an important objective of the present invention is to provide a

30 method and device for obtaining consistently high yield spray application of a
settable composition using a set accelerator agent that is injected into the

hose-conveyed composition being spray applied.



The present invention provides a nethod and device for achieving
consistently high yield spray application of settable slurry conpositions. A
exenpl ary net hod conprises conveying a settable slurry through a |ength of
hose to a nozzle spray-orifice; |ntrodUC|ng a set accelerating agent 1o
into said the slurry at a distance "D' fromthe nozzle spray-orifice; and

noni torigg the |level of set amigh@asy bRthelR@htion the slurry, at a distance
less than "D' fromsaid nozz[€ spray-orifice, by enpl oylgg sensor to
54
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slurry. An exenplary conductivity sensor conprises first pair of

el ect r odes, thasr éPefeen ysaichyioggleaaprayraifige, bwmpbum assenswtpovketegﬂ i nder
shape), whi ched to
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havi ng an araxnudalaratlhgcbg,entlocat ed between the first electrode pair, are
operative to detecting voltage differences between the first el ect rode pair

when t hgssecond #Fhegkt edctel@atmgiagemc%nrme@atbﬁ)maMé intRetated mt@tHeer
neasurlng device. 30 The sensor can be_ installed jn.the hose or nozzle at a

di stance " DSUMY BY kngwR Meghes "eélr%meofmaqapr@a FRAdicstions AN Wéeqtfeazn%t
spray-orifi geaabed cligg thé'e b&le?é%ér' tydd¥) V:L ﬁ
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housed i n ahoseevintbthesnorrlat a d| stance Whl ch is at |east f| ve feet, and
nore preferably at | east ten to seventy-five feet 35 fromthe nozzle
spray-orifice, sb&oasfirepratfingnmispeayompplicatitnsi ethef mccelerigr ng ptdferablnsor
mechani s
20"

injected into the slurry as a water-solubilized salt, and the sensor is preferably -
an electrical conductivity sensor operative, in combination with a voltage
meter or other device, to provide an indication of the conductivity of the slurry.
An exemplary conductivity sensor comprises a first pair of electrodes,
preferably having an annular body (such as a hollow cylinder shape), which
25  are operative to generate a voltage field when attached to a voltage source,
and a second pair of electrodes, each also preferably having an annular body,
located between the first electrode pair, are operative to detecting voltage
differences between the first electrode pair when the second electrode pair is
connected to a volt meter or other measuring device.

30 The sensor can be installed in the hose or nozzle at a distance “D” (
e.g., six inches to one hundred feet) from the nozzle spray-orifice at a point
after the injection port through which the accelerator is injected into the hose
or nozzle. Preferably, the sensor is housed in a sleeve housing at a distance
which is at least five feet, and more preferably at least ten to seventy-five feet

35 from the nozzle spray-orifice, so as to minimize opportunities for damaging

the sensor mechanism.



4 5 The afore-nentioned conductivity el ectrodes preferably have inner bore
di aneters that coincide wth the hose or nozzle inner dianeter to mnimze
buil d-up of slurry material on el ectrode surfaces. The use of el ectrodes and
metering device allows a correlation between slurry conductivity and yield
to be made based on actual field testing 10 results. Accordingly, the
present pnventi omheagioré-mmntionadit consiuictivityr elesinodes apijedsrahiynhavé inoerel er at or

injection r s jnto t sl urry.as nguct i yj t surenment.s fall, bel ow or
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invention, wiiskdke boitd-ap ofldiriyl reatetial dreeleatrodesutfssed. t o i ndi cate when | evel s
of accelerator are deviating frompre-determned 15 levels or require
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this is lieved t nore accurate nprror art volunetric
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t hrough the tubing on i to the  hose or nozzle. In ofher ds,
accuracy | n.'q??éub&@gatﬁt}aﬁn%ﬁ‘fvi Anripe ghave %iq{aa?téﬂnwdb(égeteg? f\é\ﬁh?'éd, or

| eaki ng t ubinigtheds eABNRSicsSef tHeeinRERES vidudy antinawisie NaeNd ¢as e settable
slurry spray application 25 system and device that are accurate, durable,

conveni ent , UgAd teéulicaie vdien levgls of gecrlemiacaresiayiaiBgsom megelsminadsed in a
rigid sggevgﬁ]\{gﬁ%gﬁ% uird cBlies Lyl trﬂg,gleri al, such as pol yet hyl ene or
e, ich ca a

pol yam e Screwe nd/ or cl anped bet ween hose secti ons,

bet ween hose and zl e: t I Y. be |.ae ot at dir y into
the nozzle i toel 1 58 fanfe, 15, pRRRRCIRITRYN 8, bRRERCIFLAVBLREL ¥,
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of the actual levels within the hose or nozzle, and this is believed to be much
20 more accurate than prior art volumetric methods which merely monitor the
flow rate of accelerator being pumped through the tubing on its way to the
hose or nozzle. In other words, accuracy in the present invention is not

hindered by blocked, kinked, or leaking tubing or connectors.

The present invention also provides a settable slurry spray application

25 system and device that are accurate, durable, convenient, and economical.
The above-described sensors may be housed in a rigid sleeve made of
dielectric material, such as polyethylene or polyamide, which can be screwed
and/or clamped between hose sections, between hose and nozzle; or the

sensors may be incorporated directly into the nozzle itself.

30 Further advantages, benefits, and features of the present invention are

described in further detail hereinafter.



present invention for settable slurry conpositions; and Fig. 2 is a
cross-sectional diagram of an exenplary sensor of the invention for sensing
the |l evel s of set accelerator introduced into a hose- io conveyed settable
slurry conposition. Detailed Description of Preferred Enbodi nents As used
herein, the term"settable slurry conposition” neans and refers to

conposi tisons conprising an Bref DascrptiondFthe®rawiwdg, Whi ch, upon m xing
with water, forma hydratable sfurry that can be punped through the 15

I ength of a hosergnd ispr sshethatid &G BPZ leReMiplty @pfaibappibBon bhehel er m
"yield" nmeans the volume of spray-applied slurry conpostion, after setting,
per gi ven wereaant byventign faisefabieswnnenpresitiets: andused to prepare the
settable slurry conposition. Typical inorganic binder materials contenplated
for use in the sEiaabli® a Zoossreaatignalofiegsini @nan i exaneleryPserasr ofothepar | s,
stucco, gypP§HELER" ‘ n | 4Ny Qo t: (WTfag

sul phoal um nat etn@@%h??ﬂgnﬁ?@% lgg?lgm&n%a&c%%ﬁ%g@p%{z@%?%erﬂ @“@n@ﬁ?g} e.g.,
finely gooucdnidyesitsdtiableasiarrglcampositioh) y ash, silica fune), gunite,

magnesi um oxychl ori de, magnesi um oxysulfate, or mxtures thereof. Suitable

settable slurry corrpoBietéimwoaserig'isﬁbwedf,erifezrE&ﬂoo@m@w, in US 4,751, 024
of Shu et al.:; US 4,904,503 o Hliton; US 5, 034, 160 of K! n_dt et al.; US
5,340,612 and USAB, 4édd haBeiff tﬂ?@rteﬁrﬁ;“sb&ﬁe@@nrﬁ?@orﬁﬁ)osi@l"dh@aﬁé ad ;. US
5,556,578 of Berneburg et al.; US 6,162,288 of Kindt et al.; = and WO

03/ 060018 offefery tROMRPHitipRT PEWrigingamINargaris dipdernaatarial, hiph.efRAY ed

settabl e sl ygit; kdpl | i an Sﬁ’ﬁﬂp

Canbri dge, Nﬁslﬁggﬁgﬂsgﬁiﬂ @ﬁmdérwﬁ%a%\%y§é?%€ét}fg§ nan%e.dg%éuc ghespr ayabl e
fireprodbi ndergthiof § hoseneodi sprayrappligarbyseezzishortddesubstrateanded pol ystyrene, as
wel | as ot her conponents, such as known set retarding agents (See e.g., US

6, 162, 288 of Ki ndhedermal'yigld” merdndethe anluate ob$pralytappiiad isiteryacpyneastibe, and

fill terial be .35 I ithin th tt abl I . Th

| ncl ude ot GYEASEAN e UM BN B SvaRpaRaiec pest meEnen e REBEE cart h, a
refractory fihé bttatsielShirgscomhpubitith, O

Typical inorganic binder materials contemplated for use in the settable
20 slurry compositions include Plaster of Paris, stucco, gypsum, Portland
cement, aluminous cement (e.g., a calcium sulphoaluminate cement, a high
alumina cement), pozzolanic cement (e.g., finely ground blast furnace slag or
fly ash, silica fume), gunite, magnesium oxychloride, magnesium oxysulfate,
‘ or mixtures thereof. Suitable settable slurry compositions are disclosed, for
25 example, in US 4,751,024 of Shu et al.; US 4,904,503 of Hilton; US 5,034,160
of Kindt et al.; US 5,340,612 and US 5,401,538 of Perito; US 5,520,332 of
Gaidis et al.; US 5,556,578 of Berneburg et al.; US 6,162,288 of Kindt et al.;

and WO 03/060018 of Hilton, all incorporated by reference herein.

A preferred settable slurry composition is sold by W. R. Grace & Co.-

30 Conn., Cambridge, Massachusetts, under the MONOKOTE® tradename.

Such a sprayable fireproofing slurry composition comprises shredded

expanded polystyrene, as well as other components, such as known set
retarding agents (See e.g., US 6,162,288 of Kindt et al.).

A wide variety of alternative aggregate and filler materials may be

35 employed within the settable slurry. These include exfoliated vermiculite,

6



grog or colloidal silica, ceramc fibers, mneral fibers, glass fibers,
comon m xed paper waste, paper mll sludge, pulp, cellulose and the I|ike,
or agricultural fibers such as fibers extracted fromwattle bark, palm

fi ber, kenaf, reeds, and natural organic particles such as ground cork and
sawdust. 10 Fi bers may conprise dry synthetic particles or fibers such as
organi c Spar@panded geflite.ediatanirnasup| qaith; fefatigsteryfiller sbelmas aleminganpl e,
phenol for Y, r f I 0 d

Dol yur et hand 9 o SonorRl Slifey Eoiafit PR, HhER) ReRE, Gy Afeish 2B,
aram d, pol ymxe@l papdrr waste, ppahgen myill sid:dgﬂmpulppcﬂ&eblsyl ena, theoliker opyl ene,

15 pol yest N d t h t | er.at
dserulfor - dseBniyal s Sen s HHG Sragrd foy WEBlEREK! paRL AGH Krebtor esen
i nvention n&&edsﬂ@n@dﬁt@ﬂé%@aﬁ%ﬁﬂélb@@@M s gkdiincorkandesawdubed in US Patent

5,520,332 of Gaidis et al., owned by the comon assignee hereof, set
accel erajpors ar e Ap&b Qﬁé‘;Panw'pﬁ%‘dr?%?ﬁﬂhch flapidiss 3pf|B@ﬂsC§hc§hr &s 'o?dt;aﬁﬁé ed into
the slurry to decrease its set time Upon a substrate. Acidic se

accel er at i ngpasiipen sdafblpdbfr@rmfméladl Hfeamoplastiy f@ﬁmﬁethrngxaméle rl@h@loblat i on of
the slurr d. and
anount ofyagggrl]geig%rt%%cr% ré: rﬂh\%\%‘l chra rdlﬂ/re%pﬁ&gﬁ@gé@% sgﬁl rig ?ﬁ% from

about 4 to prlywanhaneongibocott flexible Ifams;nuhe sorganite fingmusich egucaddnt o 25
and the

provi de such set r ependi ng on the accel erato

type and arﬁ'i@lrﬂl 'OP g’?%ﬁ’"%n %ﬁ g"’@%‘ﬁ'erﬁ?'ﬂ’?ﬁ‘ eanBBMPrqwretnﬁe range
of aboufs O. pla%ets%rzgg/py% \éﬁugﬁ,&upés fHeYegiccel erat or based upon the wei ght of
dry cenentiitous binder is used, wth about 2% being preferred. Exanples of

useful accel er at @henighsh Uis a%le@}élHFé‘ %ful%?gc@él@r@nﬂ l"ﬂw? Isleftfhigoaf digtry i C

nitrate, 30 ferric sulfate, ferric chloride terrous ate, “"pot assi um
sul fat e, suldompasitiopisdoef tbﬁdpr@@ent anveaitian  miay hinglugiei rdmes@bﬂmréldmelly]g

e el oyed PO AF HBaalia M EY SrebOE )RR BRI & bl pRAR Tow ™
viscosity |domnes ,asg@ﬂéélrﬁirécbf sB0accetsTRiopy etk iphefeRibly idwepisobsityt fligs spr ay
application 35 industry and shotcrete industries. Suitable nechani sns have

been di s¥ od¥ch aFe inigdlgrpMe, thenslugsy patdesreagedits selomerunqn acberalgt . and US
Patent 5, 520z\G#€ set accelerating agents capable of satisfactorily offsetting the :

retardation of the slurry can be used. For most commercial applications, the
type and amount of accelerator is that which rapidly converts the setting time
from about 4 to 12 hours to about 5 to 10 minutes. The amount required to
25  provide such setting times will vary depending on the accelerator and the type
and amount of retarder and binder. Generally, an amount in the range of
about 0.1% to 20% by weight of dry accelerator based upon the weight of dry
cementiitous binder is used, with about 2% being preferred. Examples of
useful accelerators include aluminum sulfate, aluminum nitrate, ferric nitrate,
30 ferric sulfate, ferric chloride ferrous sulfate, potassium sulfate, sulfuric acid,

and acetic acid, with aluminum sulfate being preferred.

Conventional set accelerator injector ports 16 or mechanisms may be
employed for introducing low viscosity liquid accelerators into low viscosity
liquids, especially those employed in the fireprotection spray application

35 industry and shotcrete industries. Suitable mechanisms have been disclosed,
for example, in US Patent 4,934,596 of Hilton et al. and US Patent 5,520,332

of Gaidis et al., incorporated herein. In the ‘332 patent, Gaidis et al. disclosed
7



of Gaidis et al., incorporated herein. In the 332 patent, Gaidis et al.
disclosed 7 5 a check-valve-injector port which conprises a tube have a
plurality of slits along its length which was inserted into the slurry
path, The tube is nade of a stretchable material which allows the tube to
expand so that the slits pop open. The accelerator is injected into the
slurry pat h aunbegk-yalegdniedor ppdughich tapenpsisencal tghe haveld plurality afssligs surge in

the slurry [ h Y- [ infiltration
of slurry mﬁ@@s@%@‘g{*ﬂ%@b "%??Seﬁ? g%% %ﬁekhee%&%@ Bgﬁﬁc_g&éﬁ&%g% agjeen(gr nj ect or
desi gns may stletchabte emiedgleshichraliontsr th@uttibegtot beparat eel teatities slitstgog he
Foam wi & i n GHRD. ST Pocemarcs MGgen ipitee ebranBAtby s ptr<t rraptall Tre
term "basi c {iBLRENEY slitseTiPtherd & #RYrgelin thBsRIrhAredfireNtHELafs Saticldie! Ne
acidic set accelerating agent used I'n the conpositions with resultant

evol uti ol oftherefupreyrntingl infittraticep ahsluoy vdiich seuldshlaek she frbet ePtiierpet t hi s

basic materigl. i . 1 L OS|.Li kS . 1y
oaourr el eplsaB 58t Riddlsh FealImBERAP LY B0Eu ik inPSaR WS 'Y e
added to theacgkleratyr intonthey sltoy patrewitiie tiglosdhenneaidi ned with 20 the set
accel erator include carbonates such as cal cium carbonate, sodium carbonate,

sodi um bi car bonatfeyr e puspodees ybesrathg gds shgvEmi Withindthel siryMiikes 10 is
used for conbining water and a  cenentitious binder 12 to provide a punpable

» g . 143 H ' n
and set t abl éle§irableyio\gineiRy iasbade malgial. tliediggR "PABICINBAgHAl" seess oaey 14
towards & nggzlefa) %Ydrﬂg?éc@%ﬁé{ the RdiE! ’a@c%lélﬁﬂﬁ%ae@rﬁﬁtq.%%dgﬁﬁtt@ at 22.
Typically the nozzle Iis formed of a netal, such as al num steel, or
ot her rigi d aompssitioins Wwithe sgsulteptdvalition of apyaspand vohumgylexpansion ohdse 24 to

t he nozzle ap h he .nozzl ray- qQnifice 22 by a powered gi.r punp 26
to propel thsé r@f'u‘?feylfg%bb/mﬁﬂ'ﬁg’aﬁ'é%’stg”%rﬁ88deold t%ﬁ“ft%lért%c gﬁg\é\fﬁgﬁaggﬁ eel beam
or panel, nafotsaawaly O&ﬂJrHﬁ?fm Heet@nemiioastaash ore rExediplayehawie FRitdridiivent i on,
an accelerator (the tank of accel erator and pu bot h bei ng desi gnated at

18) is punpéebal ¢ArbbeRdderdi9ethe SRy BlRGRT & IgBE@IR 98E SYhehFREPINGH Wi t
desi gned, at g ée@%*c@%rétbﬁw&é@ calfopgted! sdcrbg @iG6m  Eharbbhaf®, haiurezz! e
spray-orifice 22. Al though the '

carbonate, sodium bicarbonate, or mixtures thereof.

As shown in Fig. 1, a mixer 10 is used for combining water and a
cementitious binder 12 to provide a pumpable and settable slurry which is
conveyed through the length of a hose 14 towards a nozzle having a spray-

25 orifice, as generally designated at 22. Typically the nozzle is formed of a
metal, such as aluminum, steel, or other rigid material. Pressurized air is
pumped through an air hose 24 to the nozzle and through the nozzle spray-
orifice 22 by a powered air pump 26 to propel the slurry from the nozzle onto

a substrate (such as a steel beam or panel, not shown).

30 : in a preferred embodiment of the present invention, an accelerator (the
tank of accelerator and pump both being designated at 18) is pumped into the
hose 14 through an accelerator injection port designed at 16 located along the
hose at a distance “D” from the nozzle spray-orifice 22. Although the
accelerator injection port may be on the nozzle or in proximity to the nozzle,

35 more preferably the distance “D” between the accelerator injection port 16 and
nozzle spray-orifice 24 is no less than ten feet and no greater than one

hundred feet 22; and more preferably it is located fifteen to seventy-five feet
8



accelerator injection port may be on the nozzle or in proximty to the
nozzle, 35 nore preferably the distance "D' between the accel erator
injection port 16 and nozzle spray-orifice 24 is no less than ten feet and
no greater than one hundred feet 22; and nore preferably it is |ocated
fifteen to seventy-five feet 8 5 fromthe nozzle spray-orifice 22 to all ow
t he aci disc eam Hhrpdzaiasprayiarjficet22doialipw the laeidid setraccelehatoubpfedted ede i on port

16) to react, w e terj.al [ i,n ..the .slurry d.to generate
gas that -t 11 istpeRBlstalaShlh paR eled Byl Rl Pt BRI o Lpon
t he substratthe shurseandto Yenerategasafiaidwiiionomaist dhe tyhedd af thialsluaryowhén of set

| 0 accel erat or introduc%? intg the slurry, at a point designated at "20"
which is | cRAR¥d and dried upemine substatéhan "D' from the nozzle spray-orifice
22. The sensor 20 is preferably electrically or electronically connected to
a power source 3P S8MSPERCGrely BEWIYECr det menitetethe oacthpk @meintngl @t r ent

source) d | i 338 r (e vice 38
may be i @ncoand&g%?éetrblf I%; ogggéﬁén%]-ér@?ﬁgv%p%?g%;&gﬁaﬁéy %{TE%(? \&@3? ggper m t
aut ormat i ¢ orlocatad sl a alijtascentessstiiao ¥ framiethat noire mpngy-dBficehP2h Theds

accelerator into he slurr ere the set accelerating, agent introduced
"to the o RSOT 200, Bebiaby, RElEabd e SerES e pon i pe pover
conduct i vi t ysceds 82 (Whfth hiayRe Baditete cifen8r Bévbtiey @0rrbAtEG@atbpan®@f the
conductivity of the aqueous slurry. As shown in Fig. 2, an exenplary sensor

20 conpri sesnatesipalviGevs8y Henpewebpeiraei3Zeand meieang devigs 3haayabé on of
t he conduct i)y ' | t i o [ : t he
nozzl e s%(r:ayé-egﬁlig?i%te& i}%ra g%dejb%%rl @E cﬁﬁéer&gghgg%n@g@lég?;tro [ 65.%@ lta%ﬂorgfgggﬁhl y of
el ect r odes whaotaladiusiimestscial hey maslel atttbe puny @ adtictofdees ancdle2Btoninint ed
within a hongSEﬁusi ng sleeve, or nozzle so as to cone into electrical

I

contact wt ht p’y_ The material used for construction of the el ectrodes

can be any electyjcally conductive materiagl., 316 .Stainl ess Steel has been
commonty used ¢ o Wit b e cCreranegh ulroced idthB st S & Watels sencor
20 assenbly $MmREiIsBRS tie %ér'is%tr Zlﬂb?n ;b%ea h%@n@ihd%ﬁtt{/ QdAsor3that bpbrafive t§paced

apart and aligned with the bore o _hose,
20  provide an indication of the conductivity of the aqueous slurry. As shown in

Fig. 2, an exemplary sensor 20 comprises a conductivity sensor operative to
provide an indication of the conductivity of the slurry at said distance less than
“D” from the nozzle spray-orifice. Preferably, the sensor 20 comprises an
assembly of electrodes which are physically isolated from each other and
25 mounted within a hose, housing sleeve, or nozzle so as to come into electrical
contact with slurry. The material used for construction of the electrodes can
be any electrically conductive material. 316 Stainless Steel has been

commonly used to manufacture the electrodes.

As shown in Fig. 2, the sensor 20 assembly comprises a first pair of

30 electrodes 30, which are spaced apart and aligned with the bore of the hose,
housing sleeve, or nozzle. These are operative to generate a voltage field |

within a portion of the slurry when a voltage source 32 is connected to this

first electrode pair 30. A second pair of electrodes 34 is also spaced apart but

located between the two first pair electrodes 30, and are connected to a meter

35 36 or other conductivity detection device which is operative to detect voltage

differences between the first pair of electrodes 30. A portion of the hose or

separate housing sleeve is generally designated as at 14 and is used to
9



housi ng sl eeve, or nozzle. These are operative to generate a voltage field
within a portion of the slurry when a voltage source 32 is connected to this
first electrode pair 30. A second pair of electrodes 34 is al so spaced apart
but | ocated between the two first pair electrodes 30, and are connected to
a neter 35 36 or other conductivity detection device which is operative to
detect volt ap@gsicdlilyf Bed esledticalbyt iselate tire efdctrotep0r3dhfroal eath mifesr 3% A

portion of se .ol arat e .housing sl eeve is generally designated as
at 14 and | Qﬁ'}ﬂ}? ?’86"@1 S”g W%rgl ly and electrically isolate the el ectrodes

30/ 34 f h qth t t. The el des 30
and 34 pref er abl J N8acloRaYE &l S PhBIaY (AT BRI 3 AHEIT OBy 1 | mdler
shape) W th (grdigraplyabi BORA WylitdetNshapey Wigi a Bbramatighedviviith the &igfilgr of the

hose 14 (or nozzle'if situated in or in proximty to io the nozzle). Wile

el ectrode sliaetes wéth th@ b§f$ Pb’%‘%ﬁﬂ?&@cﬁ%rﬁ‘@ﬁ@@ ifcsifvatag inuasdal peaxinity to
al ter natjove the @0 RAN4YAlle AdliroRBMNHALsNARK ADERMS MU fodiingIBE Tof fe

because sone por ectro aces mist rical
contact witlusstuas yart ralateatgtlvpr tov iadi agntaamjhhe anallaalbodycsmahec t30V34 ys | evel
reading. In adfdltlon an _annul ar %s aligned with the bore(no 15
protrudi ng SUFFHELPTGAUSE] SRMe &P rﬂﬂ% HogeseTatessUst FPMS ENRnt

slurry  mat ejiéatticdl r@ﬁt@&cwmwlsmrwﬁ%aew rbvidiRY R 'rRbieU IR besd icadry
surfaces. Hence, an exenplary nethod foor spray-applying a settable slurry,

conpri ses: d%\fﬂié%ﬁ@ga[@é‘ﬁﬁﬁ'@ﬂea@I&ﬂ‘ﬂﬂ?rﬁha@@@‘wtds Iaég@@ with th@§@rq4nq 0 a
nozzl e spra tr8trr thges cfe%%ﬂa‘ﬁ@éq th@%u?r%@“ﬂ?ﬁ%dsﬁ# sgthxlﬁ agent )i ed onto

a 20 substr ntroducrng a set “acce into the
slurry at anatesala‘lme abmmtablmrgtdgamsbazy eranuding eectrodes@2acesnd noni t ori ng
22 the | evel of set accelerating agent in the slurry, at a distance |ess
than "D' from t hé¢lenezzre wpl’rw}amrﬂn‘bﬂm, fdry spraptapplyhtp aa settable 2lirtyp det ect

changes in a hysi cal ropert e slu orr espgndi 0 vel s of set
accel er at i ngCAYEREShef yg'@ Pnt¢ éH”WnE"Bg%@? E%"rgg'é ég%asleuﬁs Preferred
devi ces and ﬁ@kl@%?a@%nﬁ&l@ﬂ ww%% tﬁ@%@hw@dté]@rry%esafay%ppﬁwéﬁtro 20 in the
hose 14 at a point in the | engt a hose l'ocated
20  substrate (not shown) mtroducmg a set accelerating agent 16 |nto the slurry
at a distance “D” from the nozzle spray-orifice 22; and monitoring 22 the level
of set accelerating agent in the slurry, at a distance less than “D” from the
nozzle spray-orifice, by employing a sensor 20 to detect changes in a physical
property of the slurry corresponding to levels of set accelerating agent being

25  introduced into said conveyed slurry.

Preferred devices and methods of the invention comprise the use of a

sensor 20 in the hose 14 at a point in the length of a hose located between

the set accelerator injection point 16 and the nozzle spray-orifice 22.
Preferably, the sensor 20 comprises a first pair conductivity electrodes 30

30  which are spaced apart a distance from each other. These electrodes 30 are
operative to generate a voltage field through slurry in the area between the
electrodes when a power source 32 is electrically connected to them. A
second pair of conductivity electrodes 34 are spaced apart a distance from
each other and located between said first conductivity electrode pair 30. This

35 second pair of electrodes 34 is operative to detect voltage differences
between the first conductivity electrode pair 30 when a voltage meter 38 or

other detector device is connected to this second electrode pair 34.
10



the set accelerator injection point 16 and the nozzle spray-orifice 22.
Preferably, the sensor 20 conprises a first pair conductivity el ectrodes 30
30 which are spaced apart a distance fromeach other. These el ectrodes 30
are operative to generate a voltage field through slurry in the area
between the el ectrodes when a power source 32 is electrically connected to

them A ssecond paifurtbér ceewtiyviembogireetts odesiohégar et®adsd naparie a
di stance from %%Ch ot her, and Ioc%t ed between said first conductivity

el ectrode p&PPnaged g armiag JaRiS AR 3'arges 19 Rievifsdadication 1 thBaPRIaoE t o

detect vol t agRndhEf @nANEHALy &@E%‘%wa BE ribés Bbo@RdMekbMheR IRAR Qe pair 30
when a voltage neter 38 or " other detector device is connected to this

second el ectwajdlee geed tgapntma agtamaticatly Hier injscliam Phsst aneplsdatoent s, a vol t age
nmeter 38 nmay be connected to warning lights and/or alarnms to provide
i ndi cation to thé bpheaesempldnedevices aodduethods oftherioyentivel eteast onses above

a predeterm Lmt, and used to. control t omat i cal | he

i njecti olﬁ oft&gg?']agggeﬁe&sgf 8? _rrrﬁ%yngg&mqi%\fedg@ea}ﬂ)?%ayoﬂﬁgﬁpgg @n%P?v@ﬁY?ods of
the inventi en, mebslreasiie oeenpdrature ngretias Wiemp ans te eigimorhéo®nal yeed in an
area of the hose 14 operative,K to neasure the tenperature of the slurry in

t he nei ghboCRBBYCIYIY tRESOE SRAIVERYI 3834 enA® ShaMEctY 5itbs2.38/temPeIaiuEhown i n

Fig. 2, at Y roh i ; Wi th a
boce that cornesi i iy JE0EpnpASe BRGrALER HORTRIiLRE bBRs FIER CoRRAH

el ectrical domihmer bere diapietehefl ieurasg 16 Asaeleblgicalf darslustivityyofi the slwmper at ur e,
t he use of t enper.at ur ensqr erm.ts tenperature deviations,to be
aken i iso SabolRTReHE o T RemAgratE, dhé fuset BT AL bl B o ShisRla

readi ngs. Thentsduaipevatiye eletdtionde® Be fkdn3ihio asccorhl, st p@vidiigper at ure
sensor 36, are prefer abl%/ nount ed. and enbedded within a sl eeve housing 20
whi ch is pr &FeR8bRSCURRINFONIURBAY(8AHINES ve nmaterial such as pol yet hyl ene,

pol yam de, or other electrically non-conductive material. The el ectrodes
30/ 34 and t enper ah@r eorskiclivity siechiodes nifs apd ot cae avall afn thet ieRResdtUERImage

Caneront oIS, S0P BLAERRL AR Bnseridhecte SN SN AR IE
20 which is preferably made of a non-conductive material such as polyethyiene,
polyamide, or other electrically non-conductive material. The electrodes
30/34 and temperature sensor 36 are thus protected from potential damage
caused by slurry conveyed through the hose 14. As mentioned above, the
inner bore diameter of the electrodes and the sleeve housing within which
25  they are mounted is preferably the same as that of the hose 14, which can be
attached by a screw, clamp, or other known mechanism to the sleeve
housing. The outer circumferential diameter of the sleeve housing, of course,
may be larger than the outer diameter of the hose as may be necessary to
provide structural integrity to resist internal pressure of the pumped slurry as

30  well as external damage due to dropping.

An operator will operate the spray equipment until a desired yield level
is achieved by the slurry when spray-applied and set upon a substrate surface
such as a steel beam or panel. The yield measurement of commercial
fireproofing slurries, such as GRACE’s MONOKOTE product, is typically done

35 by measuring cup weight a known volume of slurry exiting from the nozzle
spray-orifice. When a desired cup weight yield (i.e., density) is obtained at the

nozzle for a given level of set accelerator introduced into the hose (via
11



25 they are nmounted is preferably the sane as that of the hose 14, which can
be attached by a screw, clanp, or other known nechanismto the sl eeve

housi ng. The outer circunferential dianmeter of the sleeve housing, of
course, may be larger than the outer dianeter of the hose as may be
necessary to provide structural integrity to resist internal pressure of
the punped sdoceieyatas injrtovelgorasdesigretedl aslasbgt)dusiutrp dongystiviy e

achi oved by doHares Py V@it bR BT BE boltHt e Peb Rl He e at 6 Sur  nce

i eproof i ng. <l utidie o Ao ebapriRalds &t DerTRore! prguste 'ﬁssore{se‘é %9y done

35 by measurbaste GHE MEkBBS (8s kRBWA ;N@ng#@ r@‘xt% w bhu)@f'MUQ 4B g nozzl e
spray-orifice. V\henadeswed cup weight 'yield (i.e., en3|§tJ i's obtained

at the nozzZhe miser epejaipeRan evate aﬁJU%tmenéﬁct@eth@ra@pderatnwwmd@d into the hose
(via 11 5 accelerator injector port designated as at 16), slurry
conductiWty as ladughet r%anmaryoimb@émmt&erth98m©mﬂnlgedev1ceeib&toed beth a

s pr of er abl @VECE by BhYRL AR GBS T Bl o¥ R Per S Re e 8eThe i wer
10 (Fig. 1) rmzlehm or theopératdr thpeniré10 aarndeksoradf thet sfeny SohQudtivity

accel erator pu 10 In further exenplary enbodinents, the rreterl ng
devi ce 38 cdgvegp and diice; declratarslguel dhdnesiulei bFer sxample. wh %’Péb‘?de the

operator of ﬁw@%r%@ﬁ@)ﬁarﬂféﬂ?%@t t%zthercohﬁﬁctﬂﬂgroﬂr% sl tﬁ'ét’%?frre]sgoﬁd% ‘cd’é" cation

of the slurry conductivity” |evel e accel efator In the
slurry. For ieg| ieldwawe f(ard hesee degialile Sﬂﬁra@‘aelle;atemevea ahendicaiduct i vi ty

f the sl
Gest rabl e saMEN TS TERRPEOR 4 Vg AP RG Ry RAAPE FRRRT or m o
\(/| si EI e | i ghtr,vixaforasenssd Such aplaa;yagmgxdehbe) alaghe usyd wubdnatawﬂ"'aser:ﬂsor

SucC as a pagl n evl ce nm use t an acceptapl e oOr
inaccept abl PBERE Ot GFarCEPIAPTR RICESS CPRTHE SE8iR UL MesTPUGHVBHY 1081 urry
rises above @i aldeS RSO RVOR NS IRIGY H rb?éidét@#ﬁhed'(@%lc%d@ﬁn@%ataa 20

possi bl e process deviation exists, an indication woul provided to the
appropri 2 e pessidm Araeess: Hevigten sxisis, eaatladlcamwcsfrdnhed pw@eﬂbctckéhe | f the

appropriate person that the set accelerator level should be checked. If the
conductivity -of the slurry is above or beyond a predetermined critical level,
indicating that a process deviation condition exists that must be corrected, a

revised indication would be provided.

25 In still further exemplary embodiments of the invention, the process can
be automated through the use of a computer processing unit (“CPU"), such as
a lap top computer of a programmable logic controller (PLC). For example,
the metering device 38 and accelerator pump 18 can both be connected to a
CPU or PLC such that the rate of set accelerator pumped 18 into slurry (via

30 injection port 16) can be correlated and adjusted automatically depending
upon the sensor 20 information fed back to the metering device 38.

In still further exemplary embodiments, the sensor 20 may be a pH
sensor which is operative to detect levels of acidic set accelerator injected into
the hose 16. Other sensors may be employed, such as ultrasonic, optical,

35 and capacitive sensors. However, the use of electrical conductivity sensors is

12



conductivity of the slurry is above or beyond a predeterm ned criti cal

| evel, indicating that a process deviation condition exists that nust be
corrected, a revised indication would be provided. 25 In still further
exenpl ary enbodi rents of the invention, the process can be automated

t hrough the use of a conputer processing unit ("CPU'), such as a lap top
conput er sof naoshrvgicaadaiolr eebsgnscoft eatgitlityesind Rbifystnd=sd; wihilenpiHesensbhe

nmet eri ng devi ce 38 and accel er at or fpu{%sw can both be connected to a CPU
or PLC suchW&hafexha OF%?reOfd?reéé?ncfc% 8875 ¥nped 18 into slurry (via 30
injection port 16) can be ,corr$l ated and adjusted autonmtically dependi ng
upon the sensor 28 WiHiRS fuideBhirPEYthsadesaription Of fae éoreggingevetwdsstha n stil |

further exe ; j € PH: jch is
operative t?pé et%éﬁ%@grg%@dei%i gﬁé%t%fuasggoerrgefrg?gaﬁhﬁ%'{leocrtﬁgzgsél?srntttag@ t he hose
16. O her seaspositinny, tenpigiimy ddse dddor eanvelyingasseitable shuriydala n@zleand

capacitiye 0 ver,, th se. of ..el ect.rj.cal ngucti vity sensors is
1275 oot p BRI Tiger B S asheaiSikierBr prtd | & Ree IR s Paa T b
sensors werer aeyt nédr Yiedsszz) diretirtaitee T drorh NBS @ozgasepray-oAficepp| be
evident fromthe description of the foregoing nethods, the {ér esent

i nvention p@@gii‘jég‘%ﬁf %(gﬂ)%aé‘?%@”ﬁh& therpernexs !ﬁ"é@( g 8t asdistanke dess

conposi ti OnfiharF%‘p(r?rﬁ' e rgoz%%réﬁ-ofrm&? SONURY s8R FBELLEHALife B gﬁ{v}’dé 0 a
nozzle io spray-orifice 22, a set accelerator injection port 16 | ocated

al ong sai d fosieditatiorf sorretatiog widathe lewehof sétedccaieratadiistrediseed" ibto theom t he
nozzle s ray-or(_iﬁ;i C8 22, and a sensor 20 located within the conveyed slurry
pat h at R di*8M% cegﬁlég%' than "D' fromthe nozzle spray-orifice 22, the
sensor 20 operatiwve to provide n indication.correlating with.the |evel of
set accel erator Fﬁ?efﬁﬂ'ﬁﬂc Q55+ 8f ﬂ'heeprqsgngérh\(p@yga frgf @F&S‘?.Vﬁ‘lgr EPTE M evi ces
of the pr ejSEti(iPh yiBMeifispray-applReNd e2teblgs|G AN SoRipeBHibH cofpize)d pluskitpbf
spray-applied settable slurry conposition conprise a plurality of

conduct i vi t yoBAUGtVItY Electmgles P and SdcprtudaYigy AnnulasbasiRg: &s ShewrsKown i n

50 s 5 SRR RIORRSSYSHERE 5 o, 2 AR § bsRalsi 5 ouc
sl eeve 20 (14) which could be the hose itself or, more preferably, a rigid housing sleeve
made of non-conductive material such as polyethylene, polyamide, or other
electrically non-conductive material. As previously explained, a preferable
arrangement is to have a first pair of field electrodes 30 for generating an
electric field when the electrodes 30 are connected to a voltage source 32’
25 and a second pair of electrodes 34 located between the first electrode pair 30
and along the slurry path for measuring the voltage difference in the slurry
when the second electrode pair 34 is connected to a voltage meter 38 or other

measurement device.

The foregoing examples are provided for illustrative purposes only and

30 are not intended to limit the scope of the invention.
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made of non-conductive material such as pol yet hyl ene, polyam de, or other

el ectrically non-conductive nmaterial. As previously explained, a preferable
arrangenent is to have a first pair of field electrodes 30 for generating an
electric field when the el ectrodes 30 are connected to a voltage source 32
25 and a second pair of electrodes 34 | ocated between the first el ectrode
pair 30 and along the slurry path for nmeasuring the voltage difference in

t he sIurHé, when the second el ectrode pair 34 is connected to a vol tage

net er 38 loAs elep@ed neasurenent device. The foregoing exanpl es are provi ded
for illustrative purposes only and 30 are not intended to limt the scope
of the inkention. 13 |t Awmethal foedptay-Appbtihod sktrabspslayrpppnprigng sett abl e
slurry, conprising: conveying a settable slurry through a |length of hose to
a nozzl e ®pArayingrd ddteshile slntry eHimigiga dng@hihbs®fo &elozaecpley-atifitg; agent
into said conveyed slurry at a distance "D' fromsaid nozzle spray-orifice;
noni t or i NguAReGdry hinbudh opsbiofcceRirdtink WabMt Altodat 88 dls@ggyan "D’
fromsaid nozzle spray-orifice by enploying a sensor, erein ¥he

conduct i Wistange “PHiwim saiddnomllaispryaycotfiesponds to the anount of set

accel erating agent introduced into said slurry; and adjusting the anount of
set accelmonitorigg agedictivity ol pElest daid elwsay dt aldistayice ledshBanCDiduahiseid y or
pH of said slurry devjates froma predeterm ned val ue. 2. The net hod of

clai m 1 vieels spragiogifige i gmplaying 8 senmrasthereips thepondyctivityos o H glsddm
Port!| and o K Npus C zol ani. G . s i . Or__my xtures
thereof.ﬁggﬂgﬁgrﬁ%%ﬁg%pg éﬁ%&ﬁgétaﬁéiéﬁﬁggg?3%§?§$é@n%%#§ykggguﬁ§%§un1 4,
The met hadu@fy; ghai m 2 wherein said slurry further conprises an aggregate.

5. The method of claim 1l wherein said set accelerating agent is a

vat er - sol 43 &iS@kle afRANg AF deSANERNalifig AgERNAHGEd WM nBLOSATsIQRE At hevE O
provide an” indication of the conductivity of said slurry at said distance

| ess t harcohBuctivigynos @itdof said slurry deviates from a predetermined value.

2. The method of claim 1 wherein said slurry comprises Plaster of
Paris, stucco, gypsum, Portland cement, aluminous cement, pozzolanic cement,

gunite, or mixtures thereof.
3. The method of claim 2 wherein said slurry comprises gypsum.

4. The method of claim 2 wherein said slurry further comprises

an aggregate.

5. The method of claim 1 wherein said set accelerating agent is a
water-soluble salt, and said sensor is a conductivity sensor operative to provide an
indication of the conductivity of said slurry at said distance less than “D” from said
nozzle spray-orifice.

6. The method of claim 5 wherein said distance “D” is no less than

five feet and no greater than 100 feet from said nozzle spray-orifice.

7. The method of claim 6 wherein said set accelerating agent is
selected from the group consisting of aluminum sulfate, aluminum nitrate, ferric
nitrate, ferric sulfate, ferric chloride ferrous sulfate, potassium sulfate, sulfuric

acid, and acetic acid.
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nozzl e spray-orifice. 6. The nmethod of claim5 wherein said distance "D' is
no less than five feet and no greater than 100 feet from said nozzle
spray-orifice. 7. The method of claim®6 wherein said set accel erating agent
is selected fromthe group consisting of alum numsulfate, al um num
nitrate, ferric nitrate, ferric sulfate, ferric chloride ferrous sulfate,
potassiumsul fate, sulfuric acid, and acetic acid. 14 8. The nethod of
claim1l wherein said set accelerating agent is alum num sul fate; wherein

said slurgy is gypsum RoethatkhdCsdiin 1GFhéreif Xdidr®t athaéeafng angchtwber ei n
said slurry further conprises a basic material which, upon contact with
sai d set dusdnepasylitfeaydsteingend shtres ingyrram i artlandsesimeny) ay pynixgureThe
met hod oft %Iré'%fm 1dvv\vlrheerre.i n.s i gursrer%s%le%og%r i ses._an iCassgerrbl ngfc el ect rodes
in physi cAt Cont A RGTR W gy APtrhel SoPESEE f P5al B YNl HB sing a
first paidonfictelREtaOUes QT IiME abOnyeoREAItEs 8 YOMiAERid balddklwinihi n a
portion of said slurry when a voltage source is connected to said first

electrodey pair, and a m%gtmfaiéfc@émfhgﬁ&é@%aﬁr%@m YmbpAsdesect vol tage

differences between said first pair o ectrodes en a voltage neter is
connect edassemddy df elsetvodes Bl physicdeoptaat . wilkd saithdunet, sadl ekctebdée ps@mibigr ei n
sai d el ectrodes each have qp annul ar body with a bore 3%%92%3 wi.th the hose
or nozzl EFHIENG; &air ghelegipadesansgativs te pemsrainawiodiagt dedd FatlRtul ar

el ectrod r Rl e Si raatd - i

el ectrica rﬁogégggggﬁﬁ grh%ghgkﬁggie§¥§¥§ﬁ%é?@%e§%§é?éa%gﬁ}%ﬁggﬁ%t(%d of
clai m 9 fpuithaid aea@mdspag ofitldcaadbs operativertpeleaddiveltagnshffexemesat i ve to
nmeasure the tenperature of slurry in an area proximte to said sensor. 13.
The net hotptrer saidiistiraay ef plegigpdesswhepa Yatagedpatayas conpseted s 546

CO”priSiQ%c@n@%ﬁ%ﬁ%h&éa%f el ectrodes operative to provide an indication
correlating wt he el ectrical conductivity of said slurry, said el ectrodes

peing coplected to a MEREr; B Lol Tait S WATRE SHALIEHLERS dEn' RS TPUnt of

annular body with a bore aligned with the hose or nozzle inner diameter.

11. The method of claim 10 wherein said annular electrodes are
mounted within a sleeve housing operative to isolate electrically said annular

electrodes from each other.

12. The method of claim 9 further comprising at least one
temperature sensor operative to measure the temperature of slurry in an area

proximate to said sensor.

13. The method of claim 1 wherein said sensor is a conductivity
sensor comprising a plurality of electrodes operative to provide an indication
correlating with the electrical conductivity of said slurry, said electrodes being
connected to a meter; said method comprising adjusting the amount of set
accelerating agent introduced into said slurry in response to said indication
correlating with the electrical conductivity of the slurry at a point after said

accelerating agent is introduced into said slurry.
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accel erating agent introduced into said slurry in response to said
indication correlating wwth the electrical conductivity of the slurry at a
point after said accelerating agent is introduced into said slurry. 15 14.
The nethod of claim 13 wherein said indication is a visible 1|ight,

al phanunmeric indication, audible alarm vibratory device, or conbination
thereof. 15. A nethod for spray applying a settable conposition,

conprising; conveying a sSettable cenmentitious slurry conprising gypsum
Portland Eenent, or ni dhgraethndrdsiainnd dudierain exidiindishtipge at‘OSé fozzl e
spray-orifi;ce _fromwhich. said. conveyed. cementitious, slurry is,spray-applied
ont o suiie al M) R Gh o RN BT P hs PR T I b o BB Mgat e and
a basi c nmmeesdfal ; i ntroduci ng an anount of acidic set accel erating agent
into said hose-conveyed slurry at a distance "D' from said nozzle
spray-orifqce, said acigy i i 0 react with
sai d basi {:B'mat eri al con?laﬁﬁzgé%mﬁ?%?kggg?ggyg?%?%gg%r?gé)&{%%%gpghse the yield
t her eof wlverpisgingy- applied through said nozzle spray-orifice onto a
substrate; nonitoring the |level of said acidic set accelerating agent in

sai d conveyedyisigul §dttablatce et tioaRGEuheSSnigiaiing BypéiaPsatilaéhdezabet, or
spray-orifice, by enploying a sensor to detect changes in a physical
property Bixtase dheseof ¥yovshreepettphiesedotchrozzhe sprayodrifierfrogewiddr sif ng
agent being introduced.into said slurr sai d,sensor. conpri. si a ssenbly
of el ect roRe8 ThOTTRRUAN StRht SRed rebeked BedRrydsuaty e el egduBREnor y
conpri si n@ndpridihglat Peddt e RigPEEAtedOR PBESiath MRria®; generate a voltage field
within a portion of said slurry when a voltage source is connected to said
first ele ; i - Lk - of - el i det ect
vol t age gli%]t‘m?og?lglnncgg%h Bgleoﬁﬂ\%gé)z aggﬁ(gg% #g%le;g%ifurlggg gltétlr ggtg r%gggg&%#eo\r@g%)%l t age
neter i s damyedtedistensaild fremcond mekdetspogle opdice,; saaddcaldg sst adegletagn@nount
of set accel erating agent introduced into said slurry if said ol tag

di fferenc%nitﬁaﬂ%ﬂ‘é@dt%ls?agbwat}vwﬁi@él%%ﬁ&errlﬂéw%@eérwﬁhlal e d81aY Aded

val ue. to increase the yield thereof when spray-applied through said nozzle spray-orifice

onto a substrate;

monitoring the level of said acidic set accelerating agent in said conveyed slurry,
at a distance less than “D” from said nozzle spray-orifice, by employing a sensor to
detect changes in a physical property of said slurry corresponding to the amount of
set accelerating agent being introduced into said slurry, said sensor comprising an
assembly of electrodes in physical contact with said slurry, said electrode assembly
comprising a first pair of electrodes operative to generate a voltage field within a
portion of said slurry when a voltage source is connected to said first electrode
pair, and a second pair of electrodes operative to detect voltage differences
between said first pair of electrodes when a voltage meter is connected to said

second electrode pair; and

adjusting the amount of set accelerating agent introduced into said slurry if said
voltage differences indicated by said voltage meter deviate from a predetermined

value.
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16 16. The nethod of claim 15 further conprising adjusting the |level of set
accel erating agent introduced into said slurry in response to an indication
provi ded by said voltage neter. 17. A spray- application device, conprising
a hose for conveying a settable slurry to a nozzle spray-orifice, a set
accelerator injection port located along said hose at a distance "D' from
said nozzle spray-orifice, and a sensor |ocated along said hose at a

di stance less than "D' fromsaid nozzle spray-orifice, said sensor
operative6to provi de anThadhe@iodet ckrary &) fuither odmpristhg ddivelingfthe dqvel

accel er at | ree’ ntr ﬁedu ed | nhg.tthe 3I r.rn%/. 1.%. The .rretehod oft cl airﬁi'l twher ein
sai d met Hod utiTi2e¥ s asgﬁr )l/n rg%p?el catt o d%wré’emcroﬁ%‘?l?ssei r‘i)gana1 d<E Yor
conveyi Ngravislet h3aed SbUELY nf@e® Nozzle spray-orifice, a set accel erator
injection port |located along said hose at a distance "D' from said nozzle
Spray-oriff ce, and a sensgpal0gaiedigh A80ics A fiasiedt ndse M ebAAGEL gsS than
"D'" fromsaid nozzle spray-orifice, said sensor opelgatlve to neasure
conduct i wettypbby slpktyofo s abgzlslsprayy osifidet dhertetuyelproor dejeation pditchtat@d

correl atiarfg w th the amount of “%e,t accel erat or introdHced into the slurry.

17 ong said hose at a distance from said nozzle spray-orifice, and a sensor
located along said hose at a distance less than “D” from said nozzle spray-orifice,
said sensor operative to provide an indication correlating with the level of set

accelerator introduced into the slurry.

18. The method of claim 1 wherein said method utilizes a spray-
application device comprising a hose for conveying a settable slurry to a nozzle
spray-orifice, a set accelerator injection port located along said hose at a distance
“D” from said nozzle spray-orifice, and a sensor located along said hose at a
distance less than “D” from said nozzle spray-orifice, said sensor operative to
measure conductivity or pH of said slurry and thereby provide an indication

correlating with the amount of set accelerator introduced into the slurry.
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