
US 20080099133Al 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2008/0099133 A1 

STIVENDER (43) Pub. Date: May 1, 2008 

(54) 

(75) 

(73) 

(21) 

(22) 

PANEL SMOOTHING PROCESS AND 
APPARATUS FOR FORMING A SMOOTH 
CONTINUOUS SURFACE ON 
FIBER-REINFORCED STRUCTURAL 
CEMENT PANELS 

Inventor: Eugene Scott STIVENDER, 
Elkhom, WI (US) 

Correspondence Address: 
NOVAK DRUCE +30 QUIGG LLP 
Anthony P. Venturino 
1300 Eye Street, NW, 1000 West Tower 
WASHINGTON, DC 20005 

Assignee: UNITED STATES GYPSUM 
COMPANY, Chicago, IL (US) 

Appl. No.: 11/555,661 

Filed: Nov. 1, 2006 

Publication Classi?cation 

(51) Int. Cl. 
B29C 47/00 (2006.01) 

(52) us. c1. ...................................... ..156/245;156/500 

(57) ABSTRACT 

A vibrating ?exible smoothing sheet or shroud disposed 
transversely of a direction of travel of a formed ?ber panel 
including gypsum-cementitious slurry and embedded 
chopped ?bers. The sheet is used to smooth the surface of 
the panel as it exits a ?ber embedment station of a structural 
cementitious panel production line to remove grooves and 
other non-uniform surface imperfections to reduce the need 
for costly ?nishing after the panels are cured and cut to siZe. 
The ?exible sheet is designed to ?oat over the surface of the 
formed panel Without tearing or otherwise damaging the 
surface of the heavily ?ber reinforced surface layers of the 
panel. The vibrating sheet is pivotally mounted on the side 
dams of the Web production line so it can ?oat over the panel 
surface during use, but be raised off the line When not in use. 
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FIG. 1B 
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FIG. 4 



Patent Application Publication May 1, 2008 Sheet 7 0f 9 US 2008/0099133 A1 
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PANEL SMOOTHING PROCESS AND 
APPARATUS FOR FORMING A SMOOTH 

CONTINUOUS SURFACE ON 
FIBER-REINFORCED STRUCTURAL 

CEMENT PANELS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is related to co-pending: 
[0002] US. patent application Ser. No. (Attorney 
Docket No. APV31960/3991), entitled PROCESS AND 
APPARATUS FOR FEEDING CEMENTITIOUS SLURRY 
FOR FIBER-REINFORCED STRUCTURAL CEMENT 
PANELS, ?led concurrently With the present application; 
[0003] US. patent application Ser. No. (Attorney 
Docket No. APV31962/3993), entitled METHOD FOR 
WET MIXING CEMENTITIOUS SLURRY FOR FIBER 
REINFORCED STRUCTURAL CEMENT PANELS, ?led 
concurrently With the present application; 
[0004] US. patent application Ser. No. (Attorney 
Docket No. APV31963/3994), entitled APPARATUS AND 
METHOD FOR WET MIXING CEMENTITIOUS 
SLURRY FOR FIBER-REINFORCED STRUCTURAL 
CEMENT PANELS, ?led concurrently With the present 
application; 
[0005] US. patent application Ser. No. (Attorney 
Docket No. APV31965/3845), entitled WET SLURRY 
THICKNESS GAUGE AND METHOD FOR USE OF 
SAME, ?led concurrently With the present application; 
[0006] US. patent application Ser. No. (Attorney 
Docket No. 2033.75722/3615A), entitled MULTI-LAYER 
PROCESS AND APPARATUS FOR PRODUCING HIGH 
STRENGTH FIBER-REINFORCED STRUCTURAL 
CEMENTITIOUS PANELS WITH ENHANCED FIBER 
CONTENT, ?led concurrently With the present application; 
and 
[0007] US. patent application Ser. No. (Attorney 
Docket 2033.76667/3589A), entitled EMBEDMENT ROLL 
DEVICE, ?led concurrently With the present application; 
[0008] all herein incorporated by reference in their 
entirety. 

FIELD OF THE INVENTION 

[0009] This invention relates to a continuous process and 
related apparatus for producing structural panels using set 
table slurry, and more speci?cally, to a smoothing device 
used in the manufacture of reinforced cementitious panels, 
referred to herein as structural cement panels (SCP), in 
Which ?bers are combined With quick-setting slurry for 
providing ?exural strength. 

BACKGROUND OF THE INVENTION 

[0010] Cementitious panels have been used in the con 
struction industry to form the interior and exterior Walls of 
residential and/or commercial structures. The advantages of 
such panels include resistance to moisture compared to 
standard gypsum-based Wallboard. HoWever, a draWback of 
such conventional panels is that they do not have su?icient 
structural strength to the extent that such panels may be 
comparable to, if not stronger than, structural plyWood or 
oriented strand board (OSB). 
[0011] Typically, the cementitious panel includes at least 
one hardened cement composite layer betWeen layers of a 
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reinforcing or stabiliZing material. In some instances, the 
reinforcing or stabiliZing material is ?berglass mesh or the 
equivalent. The mesh is usually applied from a roll in sheet 
fashion upon or betWeen layers of settable slurry. Examples 
of production techniques used in conventional cementitious 
panels are provided in US. Pat. Nos. 4,420,295; 4,504,335 
and 6,176,920, the contents of Which are incorporated by 
reference herein. Further, other gypsum-cement composi 
tions are disclosed generally in US. Pat. Nos. 5,685,903; 
5,858,083 and 5,958,131. 
[0012] US. Pat. No. 6,620,487 to Tonyan, Which is incor 
porated herein by reference in its entirety, discloses a 
reinforced, lightWeight, dimensionally stable panel capable 
of resisting shear loads When fastened to framing equal to or 
exceeding shear loads provided by plyWood or oriented 
strand board panels. The panels employ a core of a continu 
ous phase resulting from the curing of an aqueous mixture 
of calcium sulfate alpha hemihydrate, hydraulic cement, an 
active poZZolan and lime, the continuous phase being rein 
forced With alkali-resistant glass ?bers and containing 
ceramic microspheres, or a blend of ceramic and polymer 
microspheres, or being formed from an aqueous mixture 
having a Weight ratio of Water-to-reactive poWder of 0.6/1 to 
0.7/1 or a combination thereof. At least one outer surface of 
the panels may include a cured continuous phase reinforced 
With glass ?bers and containing su?icient polymer spheres 
to improve nailability or made With a Water-to-reactive 
poWders ratio to provide an effect similar to polymer 
spheres, or a combination thereof. 

[0013] US Patent Application Publication No. 2005/ 
0064055 to Porter, application Ser. No. 10/665,541, Which is 
incorporated herein by reference in its entirety, discloses an 
embedment device for use in a structural panel production 
line Wherein a slurry is transported on a moving carrier 
relative to a support frame, and chopped ?bers are deposited 
upon the slurry, includes a ?rst elongate shaft secured to the 
support frame and having a ?rst plurality of axially spaced 
disks, a second elongate shaft secured to the support frame 
and having a second plurality of axially spaced disks, the 
?rst shaft being disposed relative to the second shaft so that 
the disks intermesh With each other. The interrneshing 
relationship enhances embedment of the ?bers into the 
slurry and also prevents clogging of the device by prema 
turely set slurry particles. 
[0014] US Patent Application Publication No. 2005/ 
0064164 to Dubey et al., application Ser. No. 10/666,294, 
incorporated herein by reference in its entirety, discloses a 
multi-layer process for producing structural cementitious 
panel Which includes: (a.) providing a moving Web; (b.) one 
of (i) depositing a ?rst layer of individual, loose ?bers upon 
the Web, folloWed by depositing a layer of settable slurry 
upon the Web and (ii) depositing a layer of settable slurry 
upon the Web; (c.) depositing a second layer of individual, 
loose ?bers upon the slurry; (d.) actively embedding said 
second layer of individual, loose ?bers into the slurry to 
distribute said ?bers throughout the slurry; and (e.) repeating 
steps (ii) through (d.) until the desired number of layers of 
settable ?ber-enhanced slurry is obtained and so that the 
?bers are distributed throughout the panel. Also provided are 
a structural panel produced by the process, an apparatus 
suitable for producing structural cementitious panels accord 
ing to the process, and a structural cementitious panel having 
multiple layers, each layer created by depositing a layer of 
settable slurry upon a moving Web, depositing ?bers upon 
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the slurry and embedding the ?bers into the slurry such that 
each layer is integrally formed With the adjacent layers. 
[0015] Us. Pat. No. 6,986,812 of Dubey et al., incorpo 
rated herein by reference in its entirety, features a slurry feed 
apparatus for use in a SCP panel production line or the like 
application Where settable slurries are used in the production 
of building panels or board. The apparatus includes a main 
metering roll and a companion roll placed in close, generally 
parallel relationship to each other to form a nip in Which a 
supply of slurry is retained. Both rolls preferably rotate in 
the same direction so that slurry is draWn from the nip over 
the metering roll to be deposited upon a moving Web of the 
SCP panel production line. A thickness control roll is pro 
vided in close operational proximity to the main metering 
roll for maintaining a desired thickness of the slurry. 
[0016] Us. Patent Application Publication No. 2006/ 
0174572 to Tonyan et al., incorporated herein by reference 
in its entirety, discloses non-combustible SCP panel metal 
frame systems for shear Walls. 
[0017] There is a desire for an improved process and/or a 
related apparatus for producing ?ber-reinforced cementi 
tious panels Which results in a board With structural prop 
erties comparable to structural plyWood and OSB Which 
reduces production line doWntime. There is also a desire for 
a process and/or a related apparatus for producing such 
structural cementitious panels Which more e?iciently uses 
component materials to reduce production costs over con 
ventional production processes. In particular there is a desire 
to produce a smooth SCP panel to minimize downstream 
sanding. 
[0018] Furthermore, the above-described cementitious 
structural panels, also referred to as SCP panels, are pref 
erably con?gured to behave in the construction environment 
similar to plyWood and OSB. Thus, the SCP panels are 
preferably nailable and can be cut or Worked using conven 
tional saWs and other conventional carpentry tools. Further, 
the SCP panels should meet building code standards for 
shear resistance, load capacity, Water-induced expansion and 
resistance to combustion, as measured by recogniZed tests, 
such as ASTM E72, ASTM 661, ASTM C 1185 and ASTM 
E136 or equivalent, as applied to structural plyWood sheets. 

SUMMARY OF THE INVENTION 

[0019] The present invention features a ?exible smoothing 
device or shroud apparatus designed to apply a light uniform 
pressure to the entire top surface of a formed ?ber reinforced 
gypsum-cement panel as it exits the embedment device of 
the ?nal slurry forming station to smooth the surface of the 
panel and remove pock marks or grooves Without damaging 
the panel. 
[0020] The smoothing apparatus includes a mounting 
stand for pivotally mounting the apparatus on the side dams 
of the traveling Web at a position after the Web exits the ?nal 
?ber embodiment station, a smooth ?exible sheet, made for 
example of lightWeight metal, Which is relatively long and 
as Wide as the formed gypsum-cement slurry panel. The 
smooth ?exible sheet is disposed generally transversely to 
the direction of travel of the panel on the Web. A stiffening 
member across the Width of the sheet is mounted on the top 
surface of the sheet. Typically a vibrator is mounted on the 
on the top surface of the sheet for imparting vibration to the 
stiffening member Which Will cause the smoothing surface 
of the sheet to vibrate While in use. 
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[0021] For example, the vibrator may be mounted on the 
stiffening member to impart vibration to the entire surface in 
contact With the neWly formed panel surface. The vibrating 
smoothing device has also been found to help embed the 
reinforcing ?bers into the structured cement panels as the 
panels emerge from the embedment device of each of the 
forming stations. 
[0022] Only the surface of a doWnstream end portion of 
the ?exible sheet contacts the top surface of the formed 
panel and the ?exible sheet of the smoothing device is 
curved so a small angle of entry, e.g., less than 150, 
preferably less than 50, is provided at the nip point and 
preferably the angle tapers to Zero. This alloWs for a very 
gradual, or Zero, change in the height of the SCP panel as it 
contacts the smoothing sheet. 
[0023] The smoothing device With its pivoting mounting 
is designed to have the doWnstream end portion of the 
?exible sheet “?oat” up and doWn over the surface of the 
freshly formed gypsum-cement panel. Thus, only a loW 
pre-determined pressure is exerted on the top surface to 
smooth out the surface and ?ll in grooves or pock marks in 
the panel surface. This avoids scratching or tearing the panel 
surface. Furthermore, the ?exible sheet can be pivoted up 
and aWay from the panel production line When it is not in 
use. In addition to permitting it to be moved out of the Way 
When not in use, the ability to pivot the ?exible sheet up 
makes it easier to maintain and clean the device. 
[0024] Typically the smoothing device is employed in a 
multi-layer process for producing structural cementitious 
panels (SCP’s or SCP panels), and SCP’s produced by such 
a process. After one of an initial deposition of loosely 
distributed, chopped ?bers or a layer of slurry upon a 
moving Web, ?bers are deposited upon the slurry layer. An 
embedment device thoroughly mixes the recently deposited 
?bers into the slurry so that the ?bers are distributed 
throughout the slurry, after Which additional layers of slurry, 
then chopped ?bers are added, folloWed by more embed 
ment. The process is repeated for each layer of the panel, as 
desired. Upon completion, the board has a more evenly 
distributed ?ber component, Which results in relatively 
strong panels Without the need for thick mats of reinforcing 
?bers, as are taught in prior art production techniques for 
cementitious panels. 
[0025] In addition, the resulting panel is optionally pro 
vided With increased amount of ?bers per slurry layer than 
in prior panels. 
[0026] In a preferred embodiment, multiple layers of 
chopped individual loose ?bers are deposited relative to 
each layer of deposited slurry. The preferred sequence is that 
a layer of loose ?bers are deposited, upon either the moving 
Web or existing slurry, folloWed by a layer of slurry, then 
another layer of ?bers. Next, the ?ber/ slurry/ ?ber combina 
tion is subjected to embedding to thoroughly mix the ?bers 
in the slurry. This procedure has been found to permit the 
incorporation and distribution of a relatively larger amount 
of slurry ?bers throughout the slurry using feWer slurry 
layers. Thus, panel production equipment and processing 
time can be reduced, While providing an SCP panel With 
enhanced strength characteristics. 
[0027] More speci?cally, the smoothing device may be 
employed in a process for producing structural cementitious 
panels made of at least one layer of ?ber reinforced cemen 
titious slurry, the process for each such layer of slurry 
including providing a moving Web; depositing a ?rst layer of 
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individual, loose ?bers upon the Web; depositing a layer of 
settable slurry upon the deposited ?rst layer of individual, 
loose ?bers; depositing a second layer of individual, loose 
?bers upon the deposited layer of settable slurry; and 
actively embedding both layers of individual, loose ?bers 
into the layer of slurry to distribute the ?bers throughout the 
slurry. 
[0028] In another embodiment, an apparatus for producing 
a multi-layered structural cementitious panel includes a 
conveyor-type frame supporting a moving Web; a ?rst loose 
?ber distribution station in operational relationship to the 
frame and is con?gured for depositing loose ?bers upon the 
moving Web; a ?rst slurry feed station in operational rela 
tionship to the frame and con?gured for depositing a thin 
layer of settable slurry upon the moving Web so that the 
?bers are covered. A second loose ?ber distribution station 
is provided in operational relationship to the frame and is 
con?gured for depositing loose ?bers upon the slurry. An 
embedment device is in operational relationship to the frame 
and is con?gured for generating a kneading action in the 
slurry to embed the ?bers into the slurry and the smoothing 
device is doWnstream of at least one embedment device. 
[0029] In yet another embodiment, a process is provided 
for making ?ber-embedded cementitious panels, compris 
mg: 
[0030] using a ?rst formula: 

[0031] for determining a projected ?ber surface area frac 
tion of a ?rst ?ber layer to be deposited in each settable 
slurry layer of the resulting panel; 
[0032] using a second formula: 

P _ 4X f VH1, 

f2" _ 7r(l + Xfyif 

[0033] for determining a projected ?ber surface area frac 
tion of a second ?ber layer to be deposited in each settable 
slurry layer of the resulting panel; 
[0034] providing a desired slurry volume fraction Vf of a 
percentage of the ?bers in the ?ber-reinforced slurry layer; 
[0035] adjusting at least one of the ?ber diameter df, and 
a ?ber-reinforced slurry layer thickness tZ in the range of 
0.05-0.35 inches, and further apportioning the volume frac 
tion Vf of ?bers into a proportion Xf of the supply of ?bers 
comparing the ?bers in the second layer to the ?bers in the 
?rst ?ber layer so that the ?ber surface area fraction S?f 
and the ?ber surface area fraction S?f for each ?ber layer 
is less than 0.65; 
[0036] providing a supply of loose, individual ?bers 
according to the above-calculated ?ber surface area fraction 
S ,1 ; 
[0037] providing a moving Web; 
[0038] depositing the ?rst layer of loose, individual ?bers 
upon the Web; 
[0039] depositing a layer of settable slurry upon the ?rst 
layer of individual, loose ?bers; 
[0040] depositing the second layer of loose, individual 
?bers upon the layer of settable slurry; 
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[0041] embedding the loose, individual ?bers in the slurry 
so that the multiple layers of ?bers are distributed through 
out each slurry layer in the panel; and 
[0042] smoothing the panel With the smoothing device 
after at least one embedding step. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0043] FIG. 1 is a diagrammatic elevational vieW of an 
SCP panel production line suitable for use With the present 
slurry mixing device. 
[0044] FIG. 1A is a schematic vieW of a mixer feeding a 
headbox of the SCP panel production line of FIG. 1. 
[0045] FIG. 1B is a schematic vieW of a smoothing device 
used to assist the forming the SCP panel in the production 
line of FIG. 1. 
[0046] FIG. 1C is a fragmentary vertical section of a 
structural cementitious panel produced according to the 
present procedure; 
[0047] FIG. 1D is a side vieW of the sheet of the smoothing 
device of FIG. 1B; 
[0048] FIG. 2 is a schematic illustration of a Wet slurry 
mixing apparatus With a horiZontal feed of the poWder 
directly into a vertically oriented mixing chamber that is 
equipped With separate multiple Water inlets. 
[0049] FIG. 3 is a photograph of the ?exible smoothing 
device as it used in contact With the slurry on the Web as it 
travels from the last forming station. 
[0050] FIG. 4 is a photograph of the side vieW of the 
?exible smoothing device in its operational position over the 
direction of travel of the Web carrying the slurry panel from 
the ?nal forming station. 
[0051] FIG. 5 is a photograph of the pivotally mounted 
?exible smoothing device in the upWard position over the 
Web line When it is not in use. 
[0052] FIG. 6 is a diagrammatic elevational vieW of a 
second embodiment of an SCP panel production line suitable 
for use With the present slurry mixing device. 
[0053] FIG. 7 is a plot of data from Example 3 of the 
present speci?cation. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0054] Referring noW to FIG. 1, a structural panel pro 
duction line is diagrammatically shoWn and is generally 
designated 10. The production line 10 includes a support 
frame or forming table 12 having a plurality of legs 13 or 
other supports. Included on the support frame 12 is a moving 
carrier 14, such as an endless rubber-like conveyor belt With 
a smooth, Water-impervious surface, hoWever porous sur 
faces are contemplated. As is Well knoWn in the art, the 
support frame 12 may be made of at least one table-like 
segment, Which may include designated legs 13 or other 
support structure. The support frame 12 also includes a main 
drive roll 16 at a distal end 18 of the frame, and an idler roll 
20 at a proximal end 22 of the frame. Also, at least one belt 
tracking and/or tensioning device 24 is typically provided 
for maintaining a desired tension and positioning of the 
carrier 14 upon the rolls 16, 20. In this embodiment, the SCP 
panels are produced continuously as the moving carrier 
proceeds in a direction “T” from the proximal end 22 to the 
distal end 18. 

[0055] In this embodiment, a Web 26 of Kraft paper, 
release paper, or a plastic carrier, for supporting a slurry 
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prior to setting, may be provided and laid upon the carrier 14 
to protect it and/or keep it clean. 
[0056] However, it is also contemplated that, rather than 
the continuous Web 26, individual sheets (not shoWn) of a 
relatively rigid material, e.g., sheets of polymer plastic, may 
be placed on the carrier 14. 
[0057] It is also contemplated that the SCP panels pro 
duced by the present line 10 are formed directly upon the 
carrier 14. In the latter situation, at least one belt Washing 
unit 28 is provided. The carrier 14 is moved along the 
support frame 12 by a combination of motors, pulleys, belts 
or chains Which drive the main drive roll 16 as is knoWn in 
the art. It is contemplated that the speed of the carrier 14 may 
vary to suit the product being made. 

Chopper 

[0058] In the present invention, structural cement panel 
(SCP panel) production is initiated by depositing a layer of 
loose, chopped ?bers 30 of about one inch in siZe upon a 
plastic carrier on the Web 26. A variety of ?ber depositing 
and chopping devices are contemplated by the present line 
10. For example, a typical system employs a rack 31 holding 
several spools 32 of ?berglass cord, from each of Which a 
length or string 34 of ?ber is fed to a chopping station or 
apparatus, also referred to as a chopper 36. Typically a 
number of strands of ?berglass are fed at each of the chopper 
stations. 
[0059] The chopper 36 includes a rotating bladed roll 38 
from Which project radially extending blades 40 extending 
transversely across the Width of the carrier 14, and Which is 
disposed in close, contacting, rotating relationship With an 
anvil roll 42. In the preferred embodiment, the bladed roll 38 
and the anvil roll 42 are disposed in relatively close rela 
tionship such that the rotation of the bladed roll 38 also 
rotates the anvil roll 42, hoWever the reverse is also con 
templated. Also, the anvil roll 42 is preferably covered With 
a resilient support material against Which the blades 40 chop 
the cords 34 into segments. The spacing of the blades 40 on 
the roll 38 determines the length of the chopped ?bers. As 
is seen in FIG. 1, the chopper 36 is disposed above the 
carrier 14 near the proximal end 22 to maximize the pro 
ductive use of the length of the production line 10. As the 
?ber strands 34 are chopped, the ?bers fall loosely upon the 
carrier Web 26. 

Slurry Mixer 

[0060] The present production line 10 includes a slurry 
preparation and feeding section 2 (FIG. 1A). Slurry prepa 
ration and feeding section 2 includes a slurry feed station or 
slurry feeder or slurry headbox, generally designated 44 and 
a source of slurry, Which in this embodiment is a Wet mixer 
47. The slurry feeder 44 receives a supply of slurry 46 from 
the Wet mixer 47 for depositing the slurry 46 on chopped 
?bers on the carrier Web 26. It is also contemplated that the 
process may begin With the initial deposition of slurry upon 
the carrier 14. 
[0061] While a variety of settable slurries are contem 
plated, the present process is particularly designed for pro 
ducing structural cement panels (SCP panels). As such, the 
slurry 46 is preferably comprised of varying amounts of 
Portland cement, gypsum, aggregate, Water, accelerators, 
plasticizers, foaming agents, ?llers and/or other ingredients 
Well knoWn in the art, and described in the patents listed 
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beloW Which have been incorporated by reference. The 
relative amounts of these ingredients, including the elimi 
nation of some of the above or the addition of others, may 
vary to suit the intended use of the ?nal product. 

[0062] US. Pat. No. 6,620,487 to Tonyan et al., incorpo 
rated herein by reference in its entirety, discloses a rein 
forced, lightWeight, dimensionally stable structural cement 
panel (SCP) Which employs a core of a continuous phase 
resulting from the curing of an aqueous mixture of calcium 
sulfate alpha hemihydrate, hydraulic cement, an active poZ 
Zolan and lime. The continuous phase is reinforced With 
alkali-resistant glass ?bers and containing ceramic micro 
spheres, or a blend of ceramic and polymer microspheres, or 
being formed from an aqueous mixture having a Weight ratio 
of Water-to-reactive poWder of 0.6/1 to 0.7/1 or a combina 
tion thereof. At least one outer surface of the SCP panels 
may include a cured continuous phase reinforced With glass 
?bers and containing su?icient polymer spheres to improve 
mailability or made With a Water-to-reactive poWders ratio to 
provide an effect similar to polymer spheres, or a combina 
tion thereof. 
[0063] If desired the composition may have a Weight ratio 
of Water-to-reactive poWder of 0.4/1 to 0.7/ 1. 
[0064] Various formulations for the composite slurry used 
in the current process are also shoWn in published US 
applications US2006/185267, US2006/0174572; US2006/ 
0168905 and US 2006/0144005, all of Which are incorpo 
rated herein by reference in their entirety. A typical formu 
lation Would comprise as the reactive poWder, on a dry basis, 
35 to 75 Wt. % calcium sulfate alpha hemihydrate, 20 to 55 
Wt.% hydraulic cement such as Portland cement, 0.2 to 3.5 
Wt. % lime, and 5 to 25 Wt. % of an active poZZolan. The 
continuous phase of the panel Would be uniformly rein 
forced With alkali-resistant glass ?bers and Would contain 
20-50% by Weight of a uniformly distributed lightWeight 
?ller particles selected from the group consisting of ceramic 
microspheres, glass microspheres, ?y ash cenospheres and 
perlite. Although the above compositions for the SCP panels 
are preferred, the relative amounts of these ingredients, 
including the elimination of some of the above or the 
addition of others, may vary to suit the intended use of the 
?nal product. 
[0065] An embodiment of the Wet poWder mixer 47 is 
shoWn in FIG. 2. A poWder mixture of Portland cement, 
gypsum, aggregate, ?llers, etc. is fed from an overhead 
hopper bin 160 through a belloWs 161 to a horiZontal 
chamber 162 Which has an auger screW 163 driven by a side 
mounted auger motor 164. The solids may be fed from the 
hopper bin 160 to the auger screW 163 by a volumetric 
feeder or a gravimetric feeder (not shoWn). 
[0066] Volumetric feeding systems Would use the auger 
screW conveyor 163 running at a constant speed to discharge 
poWder from the storage hopper bin 160 at a constant rate 
(volume per unit time, e.g., cubic feet per minute. Gravi 
metric feeding systems generally use a volumetric feeder 
associated With a Weighing system to control the discharge 
of poWder from the storage hopper bin 160 at a constant 
Weight per unit of time, e.g., pounds per minute. The Weight 
signal is used via a feedback control system to constantly 
monitor the actual feed rate and compensate for variations in 
bulk density, porosity, etc. by adjusting the speed (RPM) of 
the auger screW 163. 

[0067] The auger screW 163 feeds the poWder directly into 
the vertical mixing chamber 165 through poWder inlet 166 
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located in an upper section 165A of the vertical mixing 
chamber 165. Then the powder drops by gravity into the 
agitator equipped loWer section 165B of the vertical mixing 
chamber 165. 

[0068] Liquid comprising Water is simultaneously sup 
plied to the vertical chamber 165 by Water inlets 167, eg 
nozzles, disposed around the perimeter of the upper portion 
165A of the chamber 165 at a point beloW the dry poWder 
inlet 166 so that it also drops to the level of the agitator 
section (loWer portion 165B) of the vertical chamber 165. 
The direction of the individual Water inlets 167 can be 
manually adjusted to be directed on the paddle blades, etc. 
to maintain the surfaces free from poWder build-up. The 
individual Water inlets 167 may be provided With valves 
167A. Dropping the poWder and liquid separately into the 
vertical chamber 165 advantageously avoids clogging at the 
inlet of the poWder to the chamber 165, that might occur if 
the liquid and poWder Were mixed before entering the 
chamber 165, and permits feeding the poWder directly into 
the vertical chamber using a smaller outlet for the auger 163 
than Would be used if the liquid and poWder Were mixed 
before entering the chamber 165. 
[0069] The Water and poWder are thoroughly mixed by the 
mixer paddle 174 Which has multiple paddle blades 175 that 
are rotated on the paddle central shaft 173 by the top 
mounted electric motor 168. The number of paddle blades 
175 on the central shaft and the con?guration of the paddle 
blades 175 including the number of horizontal bars 171 used 
in each paddle blade 175 can be varied. For example, 
vertically mounted pins 179 (FIG. 2) may be added to the 
horizontal bars 171 of the blades 175 to enhance agitation of 
the slurry 46. Typically the bars 171 are ?at horizontal 
members rather than angled, to reduce the vortex in the 
loWer portion 165B of the mixing chamber 165. In the 
current embodiment, it has been found that a dual bladed 
paddle 174 With a loWer number of horizontal bars 171 can 
be used in vieW of the higher mixing speeds obtained in a 
typical 12 inch diameter vertical chamber 165 of the present 
invention. The paddles for embodiments of the present 
invention for mixing SCP slurry are designed to accommo 
date the slurry and the diameter of the loWer portion of the 
mixing chamber 165. Increasing the diameter of the loWer 
portion of the mixing chamber results in increasing the 
transverse Width “W” (FIG. 2) of the paddle 174. The 
increased transverse Width “W” (FIG. 2) of the paddle 174 
increases its tip speed at a given RPM. This causes a 
problem because the paddle is more likely to ?ing the slurry 
to the outer edges of the vertical mixing chamber 165 and 
create an undesirable deep vortex in the middle of the loWer 
portion of the mixing chamber 165. The paddle for being 
employed With SCP slurry is preferably designed to mini 
mize this problem by minimizing the number of horizontal 
mixing bars and ?attening the horizontal mixing bars to 
minimize turbulence While still ensuring adequate mixing. 
[0070] The level of the slurry 46 in the vertical mixing 
chamber 165 is controlled by electrical level control sensor 
169 disposed Within the vertical mixing chamber 165. The 
control sensor 169 controls the How of Water through 
electronically controlled valves 167A and controls the poW 
der feed into the vertical chamber 165 by turning the auger 
motor 164 on or off via a controller 162A. The control of the 
volume of added Water and slurry is thus used to control both 
the volume of the slurry in the vertical mixing chamber 165 
and the mixing residence time in the vertical mixing cham 

May 1, 2008 

ber 165. Once the slurry 46 is adequately mixed, it is 
pumped from the bottom of the vertical mixing chamber 165 
by the slurry pump 170 to the slurry feeding apparatus 44 by 
means of pump outlet 172. The pump 170 is run by the 
paddle central shaft 173 that is driven by the top mounted 
electric motor 168. HoWever, a separate pump motor (not 
shoWn) could be used to drive the pump 170 if desired. 
[0071] The mixing residence time of the poWder and Water 
in the vertical mixing chamber 165 is important to the design 
of the vertical chamber 165. The slurry mixture 46 must be 
thoroughly mixed and be of a consistency that can be easily 
pumped and deposited uniformly over the much thicker 
?berglass layer on the Web. 
[0072] To result in adequately mixed slurry 46, the vertical 
chamber 165 provides a suitable mixing volume for an 
average slurry residence time of typically about 10 to about 
360 seconds While the spinning paddle 174 applies shear 
force to the slurry in the mixing chamber. Typically, the 
vertical chamber 165 provides an average slurry residence 
time of about 15 to about 240 seconds. The RPM range of 
the mixer paddle 174 is typically 70 RPM to 270 RPM. 
Other typical ranges for average slurry residence time are 
from about 15 seconds to about 30 seconds or about 20 
seconds to about 60 seconds. 
[0073] Atypical embodiment of a vertical chamber 165 of 
the mixer 47 has a nominal inside diameter of about 8 to 14 
inches (20.3 to 35.6 cm) or 10 to 14 inches (25.4 to 35.6 cm), 
e.g., 12 inches (30.5 cm.), a total vertical height of about 20 
to 30 inches (50.8 to 76.2 cm), e.g., about 25 inches (63.5 
cm) and a vertical height beloW sensor 169 of about 6 to 10 
inches (15.2 to 25.4 cm), eg about 8 inches (20.3 cm.). As 
the diameter increases, the paddles should be designed to 
accommodate these larger diameters to minimize the vortex 
effect caused by increases paddle tip speed at a given RPM 
as discussed above. The outer tips of the paddles are 
generally designed to be close, e.g., Within about a quarter 
inch (0.64 cm) or about an eighth inch (0.32 cm), of the inner 
Walls of the chamber 165. Too great a distance betWeen the 
paddle tips and the inner Walls of the chamber 165 Would 
result in slurry build-up. 
[0074] FIG. 2 shoWs the mixer 47 feeds dry cementitious 
poWder directly into the chamber 165 and feeds liquid 
directly into the chamber 165 separately from the dry 
cementitious poWder. Thus, mixer 47 causes the poWder and 
liquid to drop independently generally doWnWardly through 
a space in the vertical mixing chamber betWeen their respec 
tive inlets in the upper portion 165A of the mixing chamber 
165 and the pool of slurry in the loWer portion 165B of the 
mixing chamber 165. Typically both the solids and liquids 
drop at least 6 inches. Preferably the solids are fed to the 
chamber 165 at a point higher than the inlets for the liquid 
to the chamber 165. 
[0075] The vertically mounted paddle 174 has an extended 
central shaft 173 as shoWn in FIG. 2. The design of the 
paddle 174, the number of paddle blades 175, and the 
number of horizontal bars 171 used With or Without vertical 
mounted pins 179, is determined taking into account the 
speed of rotation of the mixer paddle 174, slurry viscosity, 
etc. to achieve the amount of mixing of the poWder and 
Water to prepare the Wet slurry Within the residence time of 
the slurry in the chamber to ensure continuous operation of 
the panel production line 10. 
[0076] Suitable slurry mixers 47 are explained in greater 
detail in Us. patent application Ser. No. (Attorney 
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Docket No. APV31962/3993), entitled METHOD FOR 
WET MIXING CEMENTITIOUS SLURRY FOR FIBER 
REINFORCED STRUCTURAL CEMENT PANELS, ?led 
concurrently With the present application; and US. patent 
application Ser. No. (Attorney Docket No. 
APV31963/3994), entitled APPARATUS AND METHOD 
FOR WET MIXING CEMENTITIOUS SLURRY FOR 
FIBER-REINFORCED STRUCTURAL CEMENT PAN 
ELS, ?led concurrently With the present application; both 
incorporated herein by reference in their entirety. 
[0077] Slurry Feed Apparatus 
[0078] Referring noW to FIGS. 1-1A, as mentioned above, 
the present slurry feed apparatus, also referred to as a slurry 
feed station, a slurry feeder or slurry headbox, generally 
designated 44 receives a supply of slurry 46 from the Wet 
mixer 47. 
[0079] The preferred slurry feeder 44 includes a main 
metering roll 48 disposed transversely to the direction of 
travel “T” of the carrier 14. A companion or back up roll 50 
is disposed in close, parallel, rotational relationship to the 
metering roll 48. Slurry 46 is deposited in a nip 52 betWeen 
the tWo rolls 48, 50. 
[0080] The slurry feeder 44 also has a gate 132 mounted 
to sideWalls 54 of the slurry feed apparatus 44 to be mounted 
adjacent to the surface of the metering roll 48 to form a nip 
55 therebetWeen. As seen in FIG. 1A, the gate 132 is above 
the metering roll 48 so that the nip 55 is betWeen the gate 
132 and an upper portion of the roll 48. The rolls 48, 50 and 
gate 132 are disposed in suf?ciently close relationship that 
the nip 55 retains a supply of the slurry 46, at the same time 
the rolls 48, 50 rotate relative to each other. The gate 132 is 
provided With a vibrator (not shoWn). As seen in FIG. 1A, 
the metering roll 48 rotates from the nip 52 to the nip 55. 
[0081] While other siZes are contemplated, typically the 
metering roll 48 has a larger diameter than the companion 
roll 50. 
[0082] Also, typically one ofthe rolls 48, 50 has a smooth, 
stainless steel exterior, and the other, preferably the com 
panion roll 50, has a resilient, non-stick material covering its 
exterior. 
[0083] In particular, the gate 132 comprises a blade 132A 
mounted to a vibrating gate support shaft/bar (not shoWn) 
and, optionally a stiffening member (not shoWn) mounted to 
the vibrating gate support shaft/bar. The gate blade 132A is 
typically made of 16-12 gauge stainless sheet metal. 
[0084] The gate 132 is vibrated by means of a rotary 
vibrator (not shoWn) mounted on the side opposite the blade 
of the stiffening member. The stiffening member being 
attached to the backside of the vibrating gate support shaft 
and vibrating gate 132. If the stiffening member is not 
provided then the rotary vibrator may be attached to the gate 
support shaft or other suitable portion of the gate 132. The 
vibrating means is typically a pneumatic rotary ball vibrator. 
The level of vibration can be controlled With a conventional 
air regulator (not shoWn). 
[0085] The stiffening member functions not only to stiffen 
the slurry gate, but, by mounting the vibratory unit on this 
stiffening member, this distributes the vibration across the 
length of the device more evenly. For example, if We mount 
the vibratory unit directly to the slurry gate, Without the 
stiffening member, the vibration from the vibratory unit 
Would be highly localiZed at the mounting point, With 
relatively little vibration out on the edges of the sheet. This 
is not to say that the vibratory unit cannot be mounted 
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anyWhere besides the stiffening member, but it is a preferred 
location since a stiffening member is typically employed and 
it does a good job of equally distributing the vibration. 
[0086] The gate 132 may be mounted to the sideWalls 54 
of the headbox 44 by a support system (not shoWn) to permit 
the position of the blade to be adjusted the horiZontally, 
vertically as Well. The support system includes a pivot pin 
attached, respectively, to each end of the gate support shaft 
and seated in an adjustable mount attached to a sideWall 54 
of the slurry feed apparatus. An embodiment of the adjust 
able mount has a pivot yoke seated in a U-shaped member. 
ScreWs pass through the upWardly extending legs of the 
U-shaped mount to permit forWard and backWards adjust 
ment of the position of the pivot yoke, and in turn the gate 
132. Also, bolts are provided through holes of the U-shaped 
member for permitting up and doWn adjustment of the 
position of the pivot yoke, and in turn the gate 132. 

[0087] Preferably, the vibrating gate 132 may be pivotally 
adjusted to vary the gap “D” (FIG. 1A) betWeen the gate 132 
and the metering roll 48 by means of an pivoting adjustment 
system (not shoWn). 
[0088] The vibrating gate 132 helps to prevent signi?cant 
build-up of slurry 46 on the gate 132 and controls the 
thickness of the slurry 46 deposited on the metering roll 48. 
The vibrating gate 132 can easily be removed from the Wall 
mounts for cleaning and maintenance. 

[0089] Additional details of the slurry feeder (headbox) 44 
are disclosed in US. patent application Ser. No. 
(Attorney Docket No. APV31960/3991), ENTITLED PRO 
CESS AND APPARATUS FOR FEEDING CEMENTI 
TIOUS SLURRY FOR FIBER-REINFORCED STRUC 
TURAL CEMENT PANELS, ?led concurrently With the 
present application and incorporated herein by reference in 
its entirety. 
[0090] Typically the slurry feeder 44 has a pair of rela 
tively rigid sideWalls 54 (one shoWn), preferably made of, or 
coated With non-stick material such as TEFLON® material 
or the like. The sideWalls 54 prevent slurry 46 poured into 
the nip 52 from escaping out the sides of the slurry feeder 44. 
The sideWalls 54, Which are preferably secured to the 
support frame 12 (FIG. 1), are disposed in close relationship 
to ends of the rolls 48, 50 to retain the slurry 46. HoWever, 
the sideWalls 54 are not excessively close to ends of the rolls 
to interfere With roll rotation. 

[0091] The slurry feeder 44 deposits an even layer of the 
slurry 46 of relatively controlled thickness upon the moving 
carrier Web 26. Suitable layer thicknesses range from about 
0.08 inch to 0.16 inch. HoWever, With four layers preferred 
in the structural panel produced by the production line 10, 
and a suitable building panel being approximately 0.5 inch, 
an especially preferred slurry layer thickness is in the range 
of 0.125 inch. HoWever, for a target panel forming thickness 
is about 0.84", the standard layer thickness is typically closer 
to about 0.21 inches at each of the 4 forming stations. A 
range of 0.1 inch to 0.3 inch per headbox may also be 
suitable. 

[0092] Thus, the relative distance “D” (FIG. 1A) betWeen 
the vibrating gate 132 and the main metering roll 48 may be 
adjusted to vary the thickness of the slurry 46 deposited. The 
nip distance “D” betWeen the gate 132 and the metering roll 
48 is typically maintained at a distance of about 1/s to about 
3/8 inches (about 0.318 to about 0.953 cm). HoWever, this can 
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be adjusted based upon the viscosity and thickness of the 
slurry 46 and the desired thickness of the slurry to be 
deposited on the Web 26. 
[0093] To ensure a uniform disposition of the slurry 46 
across the entire Web 26, the slurry 46 is delivered to the 
slurry feeder 44 through a hose 56 or similar conduit having 
a ?rst end 60 (FIG. 1A) in ?uid communication With the 
outlet of the slurry mixer or reservoir 47. A second end 62 
of the hose 56 is connected to a laterally reciprocating, cable 
driven, ?uid-powered dispenser 64 (FIG. 1A) of the type 
Well knoWn in the art. Slurry ?oWing from the hose 56 is 
thus poured into the feeder 44 in a laterally reciprocating 
motion to ?ll a reservoir 57 de?ned by the rolls 48, 50 and 
the sideWalls 54 of the slurry feeder 44. Rotation of the 
metering roll 48 draWs a layer of slurry 46 from the reservoir 
57. 
[0094] The reciprocating dispensing mechanism 64 is 
explained in greater detail in US. patent application Ser. No. 

(Attorney Docket No. APV31960/3991), entitled 
PROCESS AND APPARATUS FOR FEEDING CEMEN 
TITIOUS SLURRY FOR FIBER-REINFORCED STRUC 
TURAL CEMENT PANELS, ?led concurrently With the 
present application and incorporated herein by reference in 
its entirety as Well as US. Pat. No. 6,986,812 to Dubey et al. 
incorporated herein by reference in its entirety. 
[0095] Another feature of the present feeder apparatus 44 
is that the main metering roll 48 and the companion roll 50 
are both driven in the same direction Which minimiZes the 
opportunities for premature setting of slurry on the respec 
tive moving outer surfaces. A drive system (not shoWn), 
including a ?uid-powered, electric or other suitable motor is 
connected to the main metering roll 48 or the companion roll 
50 for driving the roll(s) in the same direction, Which is 
clockWise When vieWed in FIGS. 1 and 1A. As is Well 
knoWn in the art, either one of the rolls 48, 50 may be driven, 
and the other roll may be connected via pulleys, belts, chain 
and sprockets, gears or other knoWn poWer transmission 
technology to maintain a positive and common rotational 
relationship. 
[0096] As the slurry 46 on the outer surface 70A moves 
toWard the moving carrier Web 26, it is important that all of 
the slurry be deposited on the Web, and not travel back 
upWard toWard the nip 52. Such upWard travel Would 
facilitate premature setting of the slurry 46 on the rolls 48, 
50 and Would interfere With the smooth movement of slurry 
from the reservoir 57 to the carrier Web 26. 
[0097] To assist in this, the slurry feeder 44 has a doctor 
blade 134 (FIG. 1A) located betWeen the main metering roll 
48 and the carrier Web 26 to ensure that the relatively thin 
slurry 46 is completely deposited as a continuous curtain or 
sheet of slurry is uniformly directed doWn to Within a 
distance of about 1.0 to about 1.5 inches (2.54 to 3.81 cm.) 
of the carrier Web 26. The doctor blade 134 ensures the 
slurry 46 uniformly covers the ?berglass ?ber layer upon the 
carrier Web 26 and does not proceed back up toWard the nip 
52 and the feeder reservoir 57. The doctor blade 134 also 
helps keep the main metering roll 50 free of prematurely 
setting slurry 46. 
[0098] The doctor blade 134 is an improvement over prior 
art stripping Wires used in early slurry feeding systems and 
Which alloWed thinner slurries to deposit as drops of slurry 
on the Web. 

[0099] The doctor blade 134 is mounted on a doctor blade 
support shaft (not shoWn) mounted on a doctor blade tension 
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arm pivotably mounted to adjustable pivot mount attached to 
the support frame or sideWall 54 of the slurry feeder 44. A 
shaft or bar is attached to the sideWalls 54 of the slurry 
feeder 44 above the metering roller 48. The doctor blade 134 
is biased toWards the roll 48 by a tensioning spring having 
a ?rst end attached to the shaft or bar and a second end 
attached to the free end of the doctor blade tension arm. 
Thus, the doctor blade 134 is held in a position adjacent to 
the outer surface of the metering roll 48 by the tensioning 
arm and tensioning spring. The position of the doctor blade 
134 can be adjusted by adjusting the adjustable pivot mount 
attached to the support frame or sideWall 54 of the slurry 
feeder 44. 
[0100] The doctor blade 134 removes the slurry from the 
surface of the metering roll 48 like the Wire used in the 
process of US. Pat. No. 6,986,812 to Dubey et al. The 
doctor blade 134 also serves to collect the slurry 46 in a 
uniform layer or curtain and doWnWardly directs the slurry 
46 in the direction of the movement of the Web to a point 
about 1.0 to 1.5 inches (92.54 to 3.81 cm.) over the ?berglass 
layer on the Web to uniformly cover the ?berglass layer With 
the slurry 46. This is particularly important Where thinner 
slurries are used to cover the ?berglass layer, since thinner 
slurries have a tendency to drip over Wires. 
[0101] The doctor blade 134 is explained in greater detail 
in US. patent application Ser. No. (Attorney Docket 
No. APV31960/3991), entitled PROCESS AND APPARA 
TUS FOR FEEDING CEMENTITIOUS SLURRY FOR 
FIBER-REINFORCED STRUCTURAL CEMENT PAN 
ELS, ?led concurrently With the present application and 
incorporated herein by reference in its entirety. 

Processing DoWnstream of the Slurry Feed Apparatus 

[0102] Referring again to FIG. 1, the other operational 
components of the SCP panel production line Will be 
described brie?y, but they are described in more detail in the 
folloWing documents: 
[0103] US. Pat. No. 6,986,812, entitled SLURRY FEED 
APPARATUS FOR FIBER-REINFORCED STRUC 
TURAL CEMENTITIOUS PANEL PRODUCTION, herein 
incorporated by reference in their entirety; and 
[0104] the folloWing co-pending, commonly assigned, 
United States patent applications all herein incorporated by 
reference in their entirety: 
[0105] United States Patent Application Publication No. 
2005/0064164 A1 to Dubey et al., application Ser. No. 
10/666,294, entitled, MULTI-LAYER PROCESS AND 
APPARATUS FOR PRODUCING HIGH STRENGTH 
FIBER-REINFORCED STRUCTURAL CEMENTITIOUS 
PANELS; 
[0106] United States Patent Application Publication No. 
2005/0064055, application Ser. No. 10/665,541, entitled 
EMBEDMENT DEVICE FOR FIBER-ENHANCED 

SLURRY; 
[0107] US. patent application Ser. No. (Attorney 
Docket No. APV31960/3991), entitled PROCESS AND 
APPARATUS FOR FEEDING CEMENTITIOUS SLURRY 
FOR FIBER-REINFORCED STRUCTURAL CEMENT 
PANELS, ?led concurrently With the present application; 
[0108] US. patent application Ser. No. (Attorney 
Docket No. APV31962/3993), entitled METHOD FOR 
WET MIXING CEMENTITIOUS SLURRY FOR FIBER 
REINFORCED STRUCTURAL CEMENT PANELS, ?led 
concurrently With the present application; 
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[0109] US. patent application Ser. No. (Attorney 
Docket No. APV31963/3994), entitled APPARATUS AND 
METHOD FOR WET MIXING CEMENTITIOUS 
SLURRY FOR FIBER-REINFORCED STRUCTURAL 
CEMENT PANELS, ?led concurrently With the present 
application; 
[0110] US. patent application Ser. No. (Attorney 
Docket No. APV31965/3845), entitled WET SLURRY 
THICKNESS GAUGE AND METHOD FOR USE OF 
SAME, ?led concurrently With the present application; 
[0111] US. patent application Ser. No. (Attorney 
Docket No. 2033.75722/3615A), entitled MULTI-LAYER 
PROCESS AND APPARATUS FOR PRODUCING HIGH 
STRENGTH FIBER-REINFORCED STRUCTURAL 
CEMENTITIOUS PANELS WITH ENHANCED FIBER 
CONTENT, ?led concurrently With the present application; 
and 

[0112] US. patent application Ser. No. (Attorney 
Docket 2033.76667/3589A), entitled EMBEDMENT ROLL 
DEVICE, ?led concurrently With the present application. 

Embedment Device 

[0113] While a variety of embedment devices are contem 
plated, including, but not limited to vibrators, sheep’s foot 
rollers and the like, in the present embodiment of the 
embedment device 70 includes at least a pair of generally 
parallel shafts 76 mounted transversely to the direction of 
travel of the carrier Web 14 on the frame 12. Each shaft 76 
is provided With a plurality of relatively large diameter disks 
76 Which are axially separated from each other on the shaft 
by small diameter disks (not shoWn). 
[0114] During SCP panel production, the shafts 76 and the 
disks 74 rotate together about the longitudinal axis of the 
shaft 76. As is Well knoWn in the art, either one or both of 
the shafts 76 may be poWered, and if only one is poWered, 
the other may be driven by belts, chains, gear drives or other 
knoWn poWer transmission technologies to maintain a cor 
responding direction and speed to the driven shaft. The 
respective disks 74 of the adjacent, preferably parallel shafts 
76 overlap and are intermeshed With each other for creating 
a “kneading” or “massaging” action in the slurry, Which 
embeds the previously deposited ?bers 68. In addition, the 
close, intermeshed and rotating relationship of the disks 74 
prevents the buildup of slurry 46 on the disks, and in effect 
creates a “self-cleaning” action Which signi?cantly reduces 
production line doWntime due to premature setting of 
clumps of slurry. 
[0115] The intermeshed relationship of the disks 74 on the 
shafts 76 includes a closely adjacent disposition of opposing 
peripheries of the small diameter spacer disks (not shoWn) 
and the relatively large diameter main disks 74, Which also 
facilitates the self-cleaning action. As the disks 74 rotate 
relative to each other in close proximity (but preferably in 
the same direction), it is dif?cult for particles of slurry to 
become caught in the apparatus and prematurely set. By 
providing tWo sets of disks 74 Which are laterally offset 
relative to each other, the slurry 46 is subjected to multiple 
acts of disruption, creating a “kneading” action Which fur 
ther embeds the ?bers 68 in the slurry 46. 
[0116] An embodiment of embedment device 70 suitable 
for use in production line 10 is disclosed in greater detail in 
co-pending US. patent application Ser. No. 10/665,541, 
?led Sep. 18, 2003, published as US 2005/0064055, and 
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entitled EMBEDMENT DEVICE FOR FIBER-EN 
HANCED SLURRY, and incorporated herein by reference 
in its entirety. 
[0117] Another embodiment of embedment devices suit 
able for use in production line 10 are disclosed by US. 
patent application Ser. No. l0/665,54l, ?led Sep. 18, 2003, 
published as US 2005/0064055, and entitled EMBEDMENT 
DEVICE FOR FIBER-ENHANCED SLURRY; 

[0118] US. patent application Ser. No. (Attorney 
Docket No. 2033.75722/3615A), ?led concurrently With the 
present application, and entitled MULTI-LAYER PRO 
CESS AND APPARATUS FOR PRODUCING HIGH 
STRENGTH FIBER-REINFORCED STRUCTURAL 
CEMENTITIOUS PANELS WITH ENHANCED FIBER 

CONTENT; and 
[0119] US. patent application Ser. No. (Attorney 
Docket 2033.76667/3589A), ?led concurrently With the 
present application, and entitled EMBEDMENT ROLL 
DEVICE; 
[0120] all of Which are incorporated herein by reference in 
their entirety. 

Applying Additional Layers 

[0121] Once the ?ber 68 has been embedded, a ?rst layer 
77 of the panel 92 is complete. In a preferred embodiment, 
the height or thickness of the ?rst layer 77 is in the 
approximate range of 0.05 to 0.15 inches. This range has 
been found to provide the desired strength and rigidity When 
combined With like layers in a SCP panel. HoWever other 
thicknesses are contemplated depending on the ?nal 
intended use of the SCP panel. 

[0122] To build a structural cementitious panel of desired 
thickness, additional layers are typically added. To that end, 
a second slurry feeder 78, Which is substantially identical to 
the feeder 44, is provided in operational relationship to the 
moving carrier 14, and is disposed for deposition of an 
additional layer 80 of the slurry 46 upon the existing layer 
77. 

[0123] Next, an additional chopper 82, substantially iden 
tical to the choppers 36 and 66, is provided in operational 
relationship to the frame 12 to deposit a third layer of ?bers 
68 provided from a rack (not shoWn) constructed and 
disposed relative to the frame 12 in similar fashion to the 
rack 31. The ?bers 68 are deposited upon the slurry layer 80 
and are embedded using a second embedment device 86. 
Similar in construction and arrangement to the embedment 
device 70, the second embedment device 86 is mounted 
slightly higher relative to the moving carrier Web 14 so that 
the ?rst layer 77 is not disturbed. In this manner, the second 
layer 80 of slurry and embedded ?bers is created. 
[0124] Referring noW to FIGS. 1 and 1C, With each 
successive layer of settable slurry and ?bers, an additional 
slurry feeder station 78 folloWed by a ?ber chopper 82 and 
an embedment device 86 is provided on the production line 
10. In the preferred embodiment, four total layers 77, 80, 88, 
90 are provided to form the SCP panel 92. 

[0125] An important feature of the present invention is 
that the panel 92 has multiple layers 77, 80, 88, 90 Which 
upon setting, form an integral, ?ber-reinforced mass. Pro 
vided that the presence and placement of ?bers in each layer 
are controlled by and maintained Within certain desired 
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parameters as is disclosed and described herein, it Will be 
virtually impossible to delaminate the panel 92 produced by 
the present process. 

Forming and Smoothing and Cutting 

[0126] Upon the disposition of the four layers of ?ber 
embedded settable slurry as described above, a forming 
device may provided to the frame 12 to shape an upper 
surface 96 of the panel 92. 

[0127] HoWever, forming devices such as spring-loaded or 
vibrating plates or vibrating leveling screeds Which are 
designed to conform the panel to suit desired dimensional 
characteristics are not used since they scrape aWay excess 
thickness of SCP panel material are not employed. Such 
devices Would not effectively scrape aWay or ?atten the 
panel surface. They Would cause the ?berglass to begin to 
roll up and mar the surface of the panel instead of ?attening 
and smoothing it. 
[0128] Rather than spring-loaded devices and vibrating 
leveling screeds, the production line 10 includes a smooth 
ing device, also termed a vibrating shroud, 144 provided to 
the frame 12 to gently smooth an upper surface 96 of the 
panel 92. The smoothing device 144 includes a mounting 
stand 146 (FIG. 1, FIG. 3 and FIG. 6), a ?exible sheet 148 
secured to the mounting stand, a stiffening member 150B 
extending the Width of the sheet 148 and a vibration gen 
erator (vibrator) 150 preferably located on the stiffening 
member to cause the sheet 148 to vibrate. 

[0129] The stiffening member 150B functions not only to 
stiffen the smoothing sheet, but, by mounting the vibratory 
unit on this stiffening member, this distributes the vibration 
across the length of the device more evenly. For example, if 
We mount the vibratory unit directly to the smoothing sheet 
(say, in the center), Without the stiffening member, the 
vibration from the vibratory unit Would be highly localiZed 
at the mounting point, With relatively little vibration out on 
the edges of the sheet. This is not to say that the vibratory 
unit cannot be mounted anyWhere besides the stiffening 
member 150B, but it is a preferred location since a stiffening 
member is typically anyWay and it does a good job of 
equally distributing the vibration. 
[0130] The sheet 148 has a ?rst upstanding Wall 148A 
provided With a U-shaped upper portion 148B, a curved Wall 
148C and a second upstanding Wall 148D. The vibrator 150 
is poWered by a pneumatic hose 150A. The curved panel 
148C of the smoothing device 144 has an upstream end 
pivotally attached to a support bar 146A Which in turn is 
attached to mount 146 on the production line 10. The curved 
panel 148C has a trailing doWnstream end 148E Which 
contacts the topmost layer of the SCP material passing 
underneath it. 

[0131] The ?exible smoothing sheet is typically made of 
metal or polymer, e.g., 14 gauge stainless steel. The pivoting 
approximately 90° angle betWeen the ?rst upstanding Wall 
148A and the curved Wall 148C alloWs the sheet to stretch 
slightly With the direction of travel of the SCP panel to add 
increased ?exibility. The pivoting connection to the stand 
146 alloWs the sheet 148 to ride up and doWn With the SCP 
panel passing underneath the sheet 148. 
[0132] Optionally the smoothing device 144 is provided 
With Weights 159 to assist in smoothing the surface of the 
topmost layer of slurry. The smoothing device 144 may be 
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provided after the last embedment station 86 or respective 
shrouds may be provided after each embedment station 70, 
86. 
[0133] By applying vibration to the slurry 46, the smooth 
ing device 144 facilitates the distribution of the ?bers 30, 68 
throughout the panel 92, and provides a more uniform upper 
surface 96. 
[0134] In particular, the multiple layers of slurry 46 leav 
ing the ?nal embodiment rollers of the ?nal forming station, 
the Web and slurry layers travel under the ?exible vibrating 
smoothing device or shroud 144 shoWn in FIG.1 B and 
FIGS. 3-5. The curved panel 148C of the smoothing device 
144 has an upstream end pivotally attached to a support bar 
146A Which in turn is attached to mounting support station 
146 on the top surface of the side dams on the production 
line 10. The curved panel 148C has a trailing doWnstream 
end portion 148E. A second upstanding Wall 148D extends 
upWardly from the doWnstream end of the curved panel 
148C. The doWnstream end portion 148E contacts the top 
most layer of the formed SCP slurry passing underneath it on 
the traveling Web. The contact of the slurry layer With the 
trailing end 148E of the curved panel 148C is typically 
limited to the ?nal 12 to 16 inches (30.5 to 40.6 cm.) ofthe 
doWnstream end portion of the loWer surface of the ?exible 
sheet 148. The stiffening member 149 is located on the top 
surface of the sheet at a location about 6 to about 8 inches 
(15.2 to 20.3 cm.) from the end of the ?exible sheet 148. 
Typically the stiffening member 149 is located at about the 
mid point of the area of the ?exible sheet 148 in contact With 
the top surface 96 of the formed panel 92. The ?exible sheet 
148 of the smoothing device 144 is vibrated by a vibrator 
150 mounted on a central portion of the stiffening member 
149. The vibrator is supplied by air line 150A. The vibrator 
150 imparts vibration to the entire contact surface of the 
?exible sheet 148 to in turn vibrate the formed slurry as it 
travels along the Web. The optional Weights 159 are mounted 
on each side of the ?exible sheet surface 148C over a portion 
of the sheet in contact With the slurry surface. The optional 
Weights 159 counter the tendency for the sides of the slurry 
46 to “boW” upWard as the center of the formed panel 92 is 
under pressure imparted by the center of the vibrating 
stiffening member 149. 
[0135] As seen in FIG. 1B and FIGS. 3-5, the ?exible 
sheet 148 of the smoothing device 144 is pivotally mounted 
to a transverse support bar 146A through a hinge 148B on 
the ?rst upstanding Wall 148A to the pivot mounting stands 
146 (FIG. 6) on the top of each of the Web side dams. This 
pivotable mounting alloWs the sheet 148 to “?oat” up and 
doWn over the top surface of the formed panel. In one 
embodiment, the ?exible shroud is about 2 to 4 feet (0.61 to 
1.22 m), e.g., 3 feet (0.91 m.) in length and about 40 to 60 
(1 to 1.5 m), e.g., 50 inches (1.27 m.) in Width, correspond 
ing to the Width of the formed panel. 
[0136] The stiffening member 149 is used to reduce the 
chances for variation of the thickness of the formed panel by 
?exing or Warping of the thin ?exible smoothing sheet. 
[0137] The curved Wall 148C of the ?exible sheet 148 has 
having a curved pro?le for spacing an upstream end of the 
curved Wall 148C from the panel 92 While contacting the 
doWnstream portion of the curved Wall 148C With the panel 
92. Typically the curved panel 148C of the ?exible sheet 148 
is curved (FIG. 1D) so a small angle “A” of entry, e.g., less 
than 15°, preferably less than 5°, is provided at the nip point 
and preferably the angle tapers to Zero. This alloWs for a 
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very gradual, or Zero, change in the height of the SCP panel 
as it contacts the smoothing sheet 148. The closer the feed 
nip is to 0° (the more gradual angle) the less likely it Will be 
to have the problems associated With angles close to 90°. 
These problems include the marring of the surface, the 
rolling up of ?berglass, and the creation of grooves and 
streaks on the surface. The smoothing device 144 reduces 
the need for costly ?nishing after the panels are cured and 
cut to siZe. 

[0138] The vibrating ?exible sheet or shroud 148 is in 
actual contact With the formed panel for about 2 to 10 
seconds, based upon the speed of the production line 10, 
With a preferred contact time of about 5 to 8 seconds, e.g., 
about 7.5 seconds. 

[0139] The smoothing device 144 is designed to apply a 
pressure of about 0.05 to about 0.5 psi (0.036 to 0.36 Kg./sq. 
cm.) over the area of the panel, With a force of about 0.05 
to 0.15 pounds per square inch, eg about 0.075 psi (0.054 
Kg./ sq. cm.), being preferred. This amount of force has been 
determined to provide the necessary pressure to smooth the 
surface of the formed panel and eliminate pock marks and 
grooves, Without tearing or disrupting the surface of the ?ber 
reinforced formed panel. 
[0140] Advantageously, the smoothing sheet performs this 
smoothing While alloWing the glass ?bers to retain their 
random distribution on the surface of the panel. That is, the 
smoothing sheet does not cause the ?bers at the surface to 
exhibit directionality. Directionality of ?bers on the top 
surface can cause the strength of the board to be signi?cantly 
higher When tested in, for example, the cross machine 
direction as opposed to machine direction. 

[0141] Although the smoothing device 144 is used prima 
rily after the formed product 92 exits the embedment roller 
74 of the ?nal embedment station 86, the smoothing device 
144 can be used on the production line 10 after any or all of 
the other embedment stations 70, 86. This is particularly 
advantageous since the smoothing device 144 also helps to 
embed the ?ber into the top surface 96 of the formed panels 
92. 

[0142] Other forming devices are contemplated as knoWn 
in the art. HoWever, the smoothing device 144 advanta 
geously avoids disrupting or tearing portions of the SCP 
panel from carrier Web 26. Forming devices that scrape 
aWay excess SCP material are not employed because they 
disrupt or tear the SCP material due to the ?brous nature of 
the panel product as it is being formed. 
[0143] After the layers of panel 92 have been smoothed by 
the smoothing device 144, they Will begin to set. Once the 
layers are set, the respective panels 92 are separated from 
each other by a cutting device 128, Which typically is a Water 
jet cutter. Other cutting devices, including moving blades, 
are considered suitable for this operation, provided they can 
create suitably sharp edges in the present panel composition. 
The cutting device 128 is disposed relative to the production 
line 10 and the frame 12 so panels 122 are produced having 
a desired length. Since the speed of the carrier 14 is 
relatively sloW, the cutting device may be mounted to cut 
perpendicularly to the direction of travel of the carrier 14. 
With faster production speeds, such cutting devices are 
knoWn to be mounted to the production line 10 on an angle 
to the direction of Web travel. Upon cutting, the separated 
panels 122 are stacked for further handling, packaging, 
storage and/or shipment as is Well knoWn in the art. 
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[0144] The production line 10 includes su?icient ?ber 
chopping stations 36, 66, 82, slurry feeder stations 44, 78 
and embedment devices 70, 86 to produce at least four layers 
77, 80, 88 and 90 (FIG. 1C). Additional layers may be 
created by repetition of stations as described above in 
relation to the production line 10. 
[0145] Upon creation of the SCP panels 92, an underside 
102 or bottom face of the panel may be smoother than the 
upper side or top face 96, even after being engaged by the 
forming device 94. In some cases, depending on the appli 
cation of the panel 92, it may be preferable to have a smooth 
face and a relatively rough face. HoWever, in other appli 
cations, it may be desirable to have a board in Which both 
faces 96, 102 are smooth. The smooth texture is generated 
by the contact of the slurry With the smooth carrier 14 or the 
carrier Web 26. 
[0146] To obtain a SCP panel With both faces or sides 
smooth, both upper and loWer faces 96,102 may be formed 
against the carrier 14 or the release Web 26 as disclosed by 
US. patent application Ser. No. (Attorney Docket 
No. 2033.75722/3615A), entitled MULTI-LAYER PRO 
CESS AND APPARATUS FOR PRODUCING HIGH 
STRENGTH FIBER-REINFORCED STRUCTURAL 
CEMENTITIOUS PANELS WITH ENHANCED FIBER 
CONTENT, ?led concurrently With the present application. 
[0147] Another alternative (not shoWn) is to sand one or 
both faces or sides 96, 102. 
[0148] Another feature of the present invention is that the 
resulting SCP panel 92 is constructed so that the ?bers 30, 
68 are uniformly distributed throughout the panel. This has 
been found to enable the production of relatively stronger 
panels With relatively less, more e?icient use of ?bers. The 
volume fraction of ?bers relative to the volume of slurry in 
each layer preferably constitutes approximately in the range 
of 1% to 5% by volume, preferably 1.5% to 3% by volume, 
of the slurry layers 77, 80, 88, 90. If desired, the outer layers 
77, 90 may have a higher volume fraction that either or both 
of inner layers 80, 88. 

Second Embodiment of a Production Line 

[0149] The incorporation of a volume fraction of loose 
?bers distributed throughout the slurry 46 is an important 
factor in obtaining desired panel strength. Thus, improved 
e?iciency in incorporating such ?bers is desirable. It is 
believed the system depicted in FIGS. 1-5 in some cases 
requires excessive numbers of slurry layers to obtain an SCP 
panel having su?icient ?ber volume fraction. 
[0150] Accordingly, an alternate SCP panel production 
line or system is illustrated in FIG. 6 and is generally 
designated 130 for producing high-performance, ?ber rein 
forced SCP panels incorporating a relatively high volume of 
?bers per slurry layer. In many cases, increased levels of 
?bers per panel are obtained using this system. While the 
system of FIGS. 1-5 discloses depositing a single discrete 
layer of ?bers into each subsequent discrete layer of slurry 
deposited after the initial layer, the production line 130 
includes a method of building up multiple discrete reinforc 
ing ?ber layers in each discrete slurry layer to obtain the 
desired panel thickness. Most preferably, the disclosed sys 
tem embeds at least tWo discrete layers of reinforcing ?bers, 
in a single operation, into an individual discrete layer of 
slurry. The discrete reinforcing ?bers are embedded into the 
discrete layer of slurry using a suitable ?ber embedment 
device. 


















