


inc.reasing; interest in aspen 
in the airailabili ty and . SU.pp ly, 

uses, mana6ement. Aspen is a tree of p:t'imary iT:,portance 
million acres or: 40 percent of the total forest ::'.trea. of the .. three. La2c:e 

l\lichican, Mi:nnesota, and. Wisconsin. 

informal :mE;eting at Itadison, sconsin, in Jhnufrry, 1947, forestry 
of StfV'E::I'f:!.l foder'ar, sto.te, o.nd industrial g;roupz in the Lake 

agreed that it would be desirl:tble to bring up to date i7hat is l:::no1v11 
aspen and make it 'available anyone hitere.stea:. The job. of prepe,ring 

this information th.e .form of rei,or:ts wees assigned to e.ach 'of the groups 
.reports .will be duplicated e.s rapid.ly 0.s co,nple'cetl, and 
shovld be ~hed by the end of 1947. Eaqh report will 

concern one aspect of Hie subject. Copies will be. av:ftiJ.able frorn the Lake­
Ste.tes Forest Experiment Sta ti.on or from each contributor. 
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REPORT NO, 16 

ASPEN FOR EXCELSIOR 

By 

Hereford Garland, Director 
Forest Products Research Division 

Michigan College of Mining and Technology 

The use of aspen for the manufacture of excelsior is well established in 
the Lake States" The properties of the wood make it suitB,ble for this 
general use, and there are adequate supplies available for inc:r:eased 
productive capacity" The process of manufacturing exceisior is 
relatively uncomplicated, and the production equipment is simple and 
relatively low in cost" That tbe industry is not more extensive is 
obviously due to limitations in markets for excelsio:r:" Expansion of 
the industry depends primarily upon the development of new uses and 
:new products having excelsior as a base" 

HISTORY OF THE INDUSTRY 

Ex':elsior manufacture has been characterized by shifts in spee;les and 
majo:r: markets and a reduction in volume produ,,ed slnce its original 
development in this country in 1860 (.g) o 

Basswood was the original favored species" later aspen and cotton­
wood became the leading excelsior woods" These species are 0losely 
related and both ha.ve properties similar to basswood and hA,Ve long 
been more economir;ally available" In. areA.s where these species are 
sr<:A,:" <e 9 pine has become an ar:ceptahle exr:elsio:r wood and is even 
prefer':r:ed :for some product uses, 

F,x:se1sior was originally used mf1,inly for' matt,res8 stuff:Lng,, As more 
satiRfactory mater:ialR were developAd and. desig:os were improved; this 
market for excelsior was reduced to only the less expensive mattresses,, 
Upholstery was once a major use :for exr:elsiorJ but the amounts absorbed 
by this market have der.lined A,s preferenr:e has shifted to more 
sat:isfar:tory :materials" Packing for fragile merchandise has been the 
major use for excelsior for many years" In reGent yearsJ competing 
pa.,,king materials, whir:h have proven either more spec:ially suitable or 
cheape:r:J have dlsplar'ed excelsior to a considerable extent, These 
shifts, in ma,jor usesJ have caused excelsior manufacture to lag behind 
general business ar;tivity,, 

There has been a reduction both :in number of plants manufacturing 
excelsior and in total volume produced; but the mortality of plants 
has been more severe than the dee:line in production" The larger 
plants J with lower costs and better marketing fac :Uities, have tended 
to survive. In 1909 there were 109 excelsior plants :in this country ( 4). 



The nu:mber lJ.ad b3en reduced to 75 in 1923 (4), aEd 53 in 1939 (~)" In 
the post~war period 3 add:ltion8.l pl.e.nts came into. production, 

Vcl·,rme prodcwed was neB. 190 1 000 tons in 1929 (]) and 123,000 tons in 
!939 (5), In 1947 the prcductfoL. had recovered to approximately 
.1.52,000 tor•s (6). The recent increase hasJ of course, been due to 
:lm:pru,18:ro:-:;'..1.t of ge:.1.€-31'.''8. bLrni:cwss act:Ivity. It is prob,;•tble that a ma,jor 
port io.·~, cf th:i.s in re0.se ha.P been in terms of a closer approach to 
capa ity prcductior.i. in established p.: . .ants rather than new productiye 
cap,:i,e, 

It is s.tg:r.,.Lficant te, :note tha.t while total productio!J of excelsior 
hH0 r<:;lased about 24 psrc8nt., produ:,tion of bi=iJ.ed o:r bu'k exce'":.sior 
increase.:l only ebcut percent from 1939 to 1947,. Ex ,e·i.s:ior manu-
:f'act·1red i::,to pads and wrappers ·Lo.creased about 64 :percent dur:1:ng the 
PR.me :p8r:l.od (§), Part of this irwrease has been due to shortages of 
comp(:'Jt:tn.g mater:L0,''.s, FJC ept for these specie. ized forms of packing 
materia J there has beer.t ery itt .. e excelsior rema.rmfactured i:nto 
prcd1.1cts by 8xce1P Lcr ma1r1.facturers, 

Th::; co,c,' :i.P to bs dri=i.wo. f:rom the history o:f the is that 
th) use of b·1 .k ,0x,s'P1-cr has ::1ct kept pace w:l.th economic 
de,re 1cpmac,.t i,,. t.h'Ls:, CO''lD.try. Sur,r:Lval of plantRJ :1:n +;h.0 face of 
ehri"oktng m0.rkets:,., ha.F ;ctppaxe:nt depe:o.ded upon the ability to expand 
si=i. :ep :-3ffc:et a.t:.d tc rem<•v,,iJ"a.,t·are the prL:mln·y for special 

M.4-N1JH'ACTtJRTNG PROCEDURE 

F.x e '.s :Lc,r· wood iP ·1.e.,1a. 1 p1xv·ch1rn,"ld A.P pealed ccrdwcod with a mioimum 
d\.amet"3r of' abo,xt; 4 inrheR a,,/1. a mJCi,xtmum d:iameter1 withc•i.t sp :Ltti:ng9 

cf l:l.buut 7 hes 'J'h,s cc:rrrmc:1 r:u:s'·dwood ·;ength L., the Iake States is 
55 in.ches w:lth e:cds 

The ,,,recd 8·'3,18 tc b.0 a.Ir, iri.Bd befcre use. This the manu<a 
t'aet,~trr3r to ma.. L.•.te. 8. rl"l;w mater:i.8. '. eq,xi.va to 12 to 
18 mm•ths proiur t ''.C·!'. led wcod begi:w3 tc detericr·ate before 

ls coznp·'.ete.i When, tt has been :,Le··ee,si=i.ry to 13.ccept ur1peeled 
8.8 pen b,3eaus e cf ' .. s.bcr in the forept J some m0.c,.1.:i.f8.ctu:re:rs 
hfl ... ,e rescrte:i tc mecha.::.i pee1:in.g at th8 p<'.exrt. Exc·3lsior wood is 
xf'. '.113 .. '.y pre ,1.red from srn?,l' prod1J.c ers through contracting agentR. 

Thr:., 55. ircr·h st:tcke 'ire reduc,:'Jd tc 18,,inch be Lts before ente:r:i.ng the 
ex e·'si.o:r pJ.a.0:L 

Con,1entiorJ.al !oXC8 1sior m,i:i,ch1nes B.Y8 8:im:ple t:n pr1nc'lp.:_e a.:nd require 
itt1e ski fr.,. crpe:ratJo,L Ths n1tting e\.3:me:nt :Ls s:im:LL/3.r to that of 

a ca.rpen.te:r s hnJd p.1.a:::13 witb. the additicm. <:f spurs to cut the 
11 Phav L,Lgi, to.to r:1.b botrn, Adj1.1.s tm8nt of the f3ed and spa.<" ing of the 
8purs determtne the size or 11 grade11 of exc81'sior :proclu,ied, The blade 
ls s;.18p,,mded b a 8 id1ng frame that rec lprocates along the axls of 



the wood bolt o The bolt is gripped on each end by a f.luted feed roll 
wh:ich advances the bolt into the blade at each pass of the :frameo 
Although many machines in use are the single-place vertical type, the 
most modern model in common use has a horizontal action with places 
:for 8 boltso The single operator for this machine plae,es the bolts 
in the feed rolls and removes the thin slab before it sl.iversc 

From the excelsior machine, the product goes directly to the baling 
machine or to a rernanufacturing departmento In large plants the 
material is picked up aut0matical.ly on a conveyor belto Sometimes, 
before baling, the bunched excelsior is passed through shaking equip­
ment to remove objectionable fine fiberso The baling equipment is 
the conventional type used for hay or strawo The bales usually 
weigh 100 or 200 pounds o 

At plants where pads and wrappers are manufactured, the excelsior is 
conveyed to a department where it is stuffed into paper sleeves or 
bags by special rnachineryo 

CHARACTERISTICS OF THE INDUSTRY IN THE LAKE STATES 

Excelsior rnanufac,t,ire in the Lake States evi_dent:Ly accounts for some­
what more than half of the national product:iono 111 1946 this segment 
of the industry receivei over 95,000 standard r•ords (9) o At 
A..pproximately one ton per cord this is equivalent to more than 60 
perrent of the total national shipments of excels:ic:r produ-ts for 1947" 

There were 7 plants active in the region in 1946, and one of these was 
destroyed by fire during that yearo Four other plantsy representing 
about 10 percent of the total productive capacity lo. the region, were 
reported as idle during that year (10)o 

It may be seen that the excelsior industry in this regiori :is set up 
ger,e:ra :-1Y in large production units O They are ~arge e1.1ough to :maint0.in 
independent sales organizations and to develop markets, They can 
adapt themselves more easily to changing :market conditions than can 
sm0,11-seale manufacturers O All o:f the large plants have been established 
for many years" One large excelsior organization .in the area is 
engaged in the remanufacture of part, o:f its pr:imary product into pads 
and wrappings, primar:ily for the furniture industryo 

Several of the larger plants are located in areas whfoh, because of 
local timber depletion} no .l_onger have ready access to the more 
abundant sources of excelsior woodo 

Two of the larger plants are located in industr:ial comm11.t1ities where 
wage rates are affected by higher skills than are required in 
excelsior manufactureo 

Both aspen and basswood are acceptable for excelsior wood in the lake 
States, but 94 percent of the supply used in 1946 was aspen (2) o The 
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cost of the raw material has been affected by competition from pulp mills in the Lake States, which have been demanding aspen in increasing quantities in recent years, It has been the leading single pulpwood species cut in the Lake States for the past several years, In 1947 it amounted to more than 25 percent of pulwppd produced in the region (11), Both pulp mills and excelsior plants generally are located at a consider­able rail haul distance from the major supplies of aspen, 

PROPERTIES OF ASPEN 

One of the principal properties that make aspen specially suited for excelsior is its fine uniform texture, This contributes to the uniform­ity and strength of the excelsior ribbons, Aspen is much superior in this respect to the ring,-porous hardwoods and the coarse-grained soft;.. woods which are .likely to yield excelsior strands that vary in density and strength even in a single strand, Aspen excelsior may be handled or used without developing excessive broken strands, Its general straight grain contributes to the uniformity of the individual strand, 
Aspen is low in density and yet tough and resilient in the form of ribbons, It fills in space firmly around fragile items without con­tributing greatly to the weight of the package, The massed strands of excelsior are ab.le to maintain a spring tension against a packed article or to recover from deformation as a padding ma.teriaL Aspen excelsior pads and wrappings may be twisted and bent into various shapes to conform to the parts of products that need protection in crating, 

Aspen is very .light in col.or. and this is a cons iderab1e advantage iu :its use in excelsior for packing consumer goods, It may be colored readily for use in display packaging, Because of its ~ of odor, it m1,,y be used in connect:ion with the packing of foods that are easi1y tainted, 

From the standpoint of excelsior manufacture, aspen is ideal because it occurs in large quantities in sizes adaptable for use in conven­tional machines w:ithout splitting, 

USES FOR EXCELSIOR 

The uses of excelsior are quite varied (8), although most of them account for only a small fraction of the-total consumption, and these minor uses are constantly changing according to economic conditions and technical developments with competing materials, 

There are two aspects of excelsior use, In one, it f:Llls the require­ments for a material that will fill space at the cheapest possible cost, This is the category represented by the m~jor portion of excelsior consumption, and it is vu1n.erab1e to competition from many types of packing materials that ca,n be produced and delivered to some consuming points at a slightly lower cost, In this use category, the 
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main advantage aspen has over other woods is cheapnesso These uses may be satisfied more economically by other species in regions where they are availableo 

In another aspect of excelsior use it fills a :requirement for a material designed for a specific technical fu:n.ction, In this category of use excelsior must compete with natural or synthetic materials which may be more costly but technically more suitable for a number of specific individual useso In many cases competing materials may be engineered to exact use specificationso Excelsior is virtually limited to variation of species and strand size in its adaptation to specific technical uses. 

Excelsior is marketed by grades which define the dimensions of the ribbon (13)o There are three standard grades all hav:ing the same thickness of 1/100 incho Fine is 1/26 inch wideJ medium 1/8 inch wide) and coarse is 7 /32 inch wideo Special grades ID'W be produced in almost any sizeo Extra fine grades are called wood wool in this country and may be as thin as .1/500 inch and as narrow as 1/64 incho Extra coarse grades may be .1/50 inch or more in thickness and 1/4 inch or more in widtho The finer grades are more costly because excelsior machine blade speeds are constant anci n1.<t.nufacturing rates are controlled by ribbon thicknesso 

The most common use for exce.ls:l.or is in packing fragtle items such as glassware) china) and other general me:r 0 hand:ise by hand,. It is extremely well suited for this use, being cleaner and more durable than many competing mater:lals. Its best adaptabi1ity is in the pack­ing of special orders by hando Common substitute materials are straw and shredded newspapero Superior materials have been developed for some special packing problems such as absorbent materia.ls, for packing liquid~filled glass container.so The development of mass production manufacturing and packaging techniques has probably contributed to the decline in the use of excelsior packingo Other m9..teriaJ_2, such as corrugated board) have been more adaptable to package design for modern large scale manufacturingo 

Excelsior-filled paper pads and wrappers represent a technical advance­ment in the industry which is evidently still developing. While bulk excelsior volume declined from l51JOOO tons to 1L1JOOO tons between 1929 and 1947) pad and wrapper Jl18,nufa-:.'.tu:re increased from 32 7 500 tons to 41,000 tons in the same period (6)0 These products are used principally in the protection of :fuiniture and other finished articles that are shipped in crates or unenclosedo Commonly, excelsior pads and wrappers are suitable for re-use in the shipment of household goodso Some pads filled with shredded paper are on the market, but u_n.1.ike the excelsior product the paper sleeve needs to be heavy enough to bear all of the tearing stresses O This use for excelsior is one that is susceptible to further development through packaging engineeringo 



Mattress stuffing was originally a major use for excelsior) but only the most inexpensive mattresses now have any exce.lsior component in this country o Some crJ.b mattresses have an inner core of fine exce.lsioro Other materials commonly used in .low-cost mattresses are technica.lly inferior to excelsior but appear to have greater customer 8/oCeptanceo 

Excels:ior is still used to some extent in upholsteryo It is used only as an inner component covered with padding materials of softer texture :tn some inexpensive lines of furnitureo Excelsior ev:1.dently is defi­cie:r1t in durability urtder constant use as an upholstery pa.dding materiaL Further, except for the extra fine grades, excelsior gives off a characteristic and object:ionable harsh sound when compressed in USeo 

Exce.1sior seems to be most suitable :Ln. the manufacture of com.modities in which permanence and durabi.lity :in use is not a prime requirement o Manufacturers of toys use considerable qua:r1t:ities in stuf:fing dolls , and toy animals o Some finer grades are used to a J1mited extent in · both gas and liquid filtering, and the extra, fine grades are suitable as absorben.t rna,ter:iaL In Europe, where other fibrous ma.terials are comparatively scarc.e, the manufacture and use of the finer grades of excelsior is highly developedo There, refined "wood woo1 11 is a ::commonly accepted substitute for absorbent cotton and gauze surgical padso 

A use for coarse excelsio:r.J that appears to have possib-1.."i.it:tes for further development, is the manufacture o:f struc,tu:".'al :l.:nsulatJng boardo Essent:ially) the bunched strands are bonded with a.:n. :inorganic cement and formed into pane1s or slabs (1) 0 The excelsior :ts usually :impregnated with a chemic.al by d:ippingy in order to increa.se its fire resistance and aid the a.dhension of the binding materia.i,. Most often the binder is Portland cement or magnesite which is mixed wlth excelsior :in the form of a thin slurry o After the exrc::,f,,s slurry is drained offy the mass fa placed in forms for the init:ia.1 setting time under low pressureo After removal from the forming equipmenty the product :is usually stored :i:n air for a curing period" The usual pro::bct :is a pane.1 from one to three inches in thickness O The min.eral component coats the wood ribbons and binds them together in a porous mass as it setso 

Because of the time required for the sett:ing of PortLa.o.d cement, :Lt is be1ieved that board forming with this binder has so far not been successfully done as a continuous process; the panels are formed in individual moldso One European manufacturer, using magnesium oxysulphate as a binder, employs a continuous forming and heat-curing machine (2:, 14) o 

The excelsior-type panel :is un:ique as a building material because of its versatilityo Its low density gives it excellent heat and sound insulation properties, and at the same time it is strong enough to 



assume part of the load in struttural design, Its rough surface 
provides an excellent base for stucco, plaster) or cement wearing 
surface and also provides excellent acoustical properties and 
decorative texture when used without add:itional surfac :Lngo The 
material may be nailed and sawed with ordinary woodworking toc::_p Since 
the wood ribbons may be impregnated with fireproofing che:m:i.cals and 
are thoroughly coated with inorganic cement, the producet has high fire 
resistanceo 

Panels of this material are suitable for use alone in :interior non­
bearing partitionso The thicker panels may be used as single-unit 
exterior walls when suitable column supports are incorporated in 
constructiono In this case the exter:ior surface needs to be sea.led 
from the weather by stucco or other suitable weatherproof ma.teriaL 
The interior surface may be plastered direct.ly on the panel or 
covered with other interior-finlshing materiaL In the form of 
thick slA.bs this material is suitable for roof decking, Here, a 
topping of Portland cement is applied to the slab and conventional 
roo:flng material is applied as a weathering and waterproofing 
surfaceo The thicker slabs are suitable for floor planks to be 
lald directly on properly spaced joistso The wearing surface in this 
case ls a :falrly thick layer of Portland ceme:nt o The one 0

" inch board 
may be used as conventional insulating board as exterior sheathing or 
interior panels o An interesting application Ls its incorporation on 
the inside of concrete walls by using the exceLsfor boa.eds as the 
inner form boardso 

Excelsior-based boards are in fairly common use in many Ei.1copeart 
co1mtries and there are four products of this type known to be 
manufactured ln this country) mostly on a limited scaleo 

POSSIBILITIES OF EXTENDING THE USE 
OF ASPEN FOR EXCELSIOR 

Apparen.tly the traditional ms.rkets for excelsior hs:·re been sbxtnk· 
ing for some t:Lrneo Thus, these markets do not offer much hope for 
expansion in excelsior manufacturing facilities under :normal operating 
cond:it:ionso The greatest :inroads into the excels1or markets hB.ve 
been made by those materials which have become avA,Uable at lower 
cost., and the only possibility of meeting this competitfon entails 
reduction of the market pr:tce of exce1s:ioro 

There are considerable possibilities for reducing raw 
through mechanization of excelsior timber harvestingo 
represents the dom:inant element in wood costsJ and it 
entirely :involved with hand labo:ro 

lll8,teria1 costs 
This operation 

:is almost 

It :is conceivable that production costs :for excelsior manufacture 
could be generally reducedo Mechanization could be improved by adopt­
ing the most modern machines available or by the development of new 
excelsior machines involving less labor cost, Such new machines would 



:probably be adaptable 011.ly to 1arge-,sca1e :produ.ction an.d development 
would depend upon large addi t iona.l market out.lets 0 

Some general cost reduction could be gained by 1ocat:l..ng excelsior :plants 
as close as :possible to aspen timber sup:p1ieso This would allow direct 
shipment of raw material from forest to :plant ·by truck a.nd avoid the 
expense of car loading and long ra i1 hauls O P.lac· ing the plants in the 
forest area would also make available unskilled labor at lower cost 
than in urban locationsc 

The best possibilities of expanding excelsior produr,tlon Lie iCl the 
development of new markets based on ri.ew uses o Industry is becoming 
increasingly conscious of the necessity for package engineeringo 
Apparently the field is wiJ.e for the ada:ptat:i.on of excelsior to s:pec ial 
:packing :problems as opposed to its use in bulk for ha:nd :packingo 

The buildlng industry is in the mood to adopt :rm.;1,te:clals that have been 
proven to be techn:icaI1y super:tor and more econorn:ical than conventional 
home,, bu:ilding :materials, The suceess of the excels ior,~type boards i:n 
Europe and their versatility i:nd:tcate that tb5s p:roduct ha:::: good 
poss:tbilH.:l.es for market deve1opme:nt in this cow1tryo 

Technical :information on excels:ior is extremeJy rare, V:l.:rtual1y no 
engineering data axe available o:n the properties of ·ex"e 1.s:tor a,nd .tittle 
fa known a.bout methods to improve these 11:ropertieso It. :ts probable that 
a genera.l :research program on th:is 1118.terteJ wou'd :form tte hi=iwts for 
expanded use in m'3.ny :phases of induetry, Without e. ter,h-r1.irB.·1 backg:roundJ 
excels 1cr xmrnt continue to yield markets to the eng:i:neered UJ}3.teria1s of 
modern industry, 
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