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Bio-Composites Made From Pine Straw 

Cheng ~ iao ' ,  Todd F. shupe2, Chung Y. he3,  Jamie ~ a n g ~  

'post-~octoral Research Scientist, School of Renewable Natural Resources, Louisiana State 
University AgCenter, Baton Rouge, LA, USA. Email: chpiao@lsu.edu. 

2~ssociate Professor, School of Renewable Natural Resources, Louisiana State University 
AgCenter, Baton Rouge, LA, USA. Email: tshupe@agcenter.lsu.edu. 

3~rinciple Wood Scientist, USDA Forest Service Southern Research Station, Pineville, LA, 
USA. Emait: chse@fs.fed,us 

4~esearch Assistant Professor, School of Renewable Natural Resources, Louisiana State 
University AgCenter, Baton Rouge, LA, USA. Email: ztang @lsu.edu. 

Pine straw is a renewable natmd resource that is under-uW. The objective of this study 
was to evaluate the physical and mechanical performances of pine straw composites. Three 
panel density levels (0.8; 0.9, 1.0 and two resin content levels (1 % pMDI + 4% UF, 
2% pMDI + 4% UF) were selected as treatments. For the pine-straw-barnbfiber 
composites, three pine-straw to bamboo-fiber ratios were selected as the treatments. The pine 
straw f i W  were treated with a container blender, which reduced the fiber sizes and increased 
the roughness of f i k  surfaces. The bending and IB strength. pmperties of the pine straw 
boards meet the requirement of Class 5 of the voluntary product standard PS 60-73. Strength 
properties of the pine straw boards were positively comlated with the blending time. The 
waxy cutin on the surface of the needles was a barrier to the bonding quality and blending in 
the container blender was helpful in the removal of cutin from materid surfaces. Linear 
relationship was found between the internal bond @) strength and board density. Higher 
pMDI resin content led to p t e r  slope values of the IB-density regression lines. The 
addition of strong bamboo fibers significantly increased the bending and internal bond 
strength of the pine straw composites. 

Keywords: pine straw, pine needles, bio-composites, forest fire, renewable natural 
resources, bamboo, composites 

INTRODUCTION 

Pine needles that have fallen from the trees are commonly known as pine straw. They are 
long and stiff ride-shaped leaves. The needles are usually arranged in bundles containing 2 
to 5 needles and stay on the trees for one to two years providing food for the tree through the 
process of photcsynthesis. After needles mature, they turn brown, fall from the tree, and 
deposit on the forest floor. Thus, a thick and springy carpet of pine needles covers the ground 
around the trees. The annual yield for 16-year-old loblolly pines varies from 1,700 to 7,400 



kg per m, depending on the tree density (Muore, et al1996). The straw has traditionally 
been harvested for mulch (Jemison 1943, Bateman and Wilson 196 1, Sood and Shzrnna 1985). 

Pine needles are c h h d y  co of cellulous, hemiceflulous, lignin, extractives and ash. 
The outer layer of the adult 1 4  is the waxy cuticle (cutin) which protects the leaf from 

loss. Afta the laves fall from the tree, the wax remains on the byes.  The cuticle 
us outer shell (epidamis). Beneath the epidermis is the hypodenn, 

of several compact layers of long, thick-walled, fiber-like cells. The 
hypoderm gives rigidity to the needle (Kwh 1972). The internal structure of the leaf is 
complex and includes a photosynth-g parenchyma ("chlmnchyma" or mesophyll) and 
resin canals. In the center are two parallel vascular bundles, each consists of phloem and 
xylem (Howard 1973a). 

As shown in Table 1, pine needles have a higher cellulose content thaa sugar cane, which has 
been used to make So-based composites (Rowell 1988, Hse and Shupe 2002). Pine straw has 
been autoclaved with phenol then reduced to powder and m s e d  into boards (Jain and Gupta 
1%9). Howard (19f4) studied the faibility of m A g  panels directly h m  pine straw. The 
needles were treated with rolling and benzene bath in NaOH solution before they were 
pressed into 12.7-m-thick boards. The caustic bath treatment led to desirable modulus of 
rupture (MOR) and internal bond (5) properties. Bee from other treatments had poor 
dimensional and mechanical properties. 

Table 1. Ch& components of pinestraw, sugar cane rund wood. 
Celfulose Hemiceltuloses Laignio Ash-Content Extractives 
(%I (SFb! (%I i%b! s t n  , &%? 

Pimtraw' 42.6 22.3 37.7 2.4 26.2 

.-Pine (Pinus sp)' 51.1 26.8 27.8 0.3 9.1 
' Howard 1973 (average of the listed date); ' Ouensanga 1989 (average of the listed data). 

Pine straw is a renewable natural resource that is under-utilized. Every year forest fire causes 
substantial damage to the forest resources. Removal and utilization of pine straw from the 
forest floor may Teduce the fire hazard in the farcst and generate profits for forest owners and 
Id wmmunities. Needles that fall from a southern pine tree may equal or exceed the 
weight of wood added to the stem (Howard 1973). UtiIization of pine straw may provide an 
-me that may ex& that from timber (Roist tt al. 1991). The development in adhesive 
technologies and bio-based materials provides a new opptunity for the utilization of pine 
straw for making wmposites. The objectives of' this study were to make pine straw 
composites by processing pine straw into f i k r  mattrials and evaluate panel density, blending 
the, a d  resin content effects on the pperties of pine straw and phstraw-bamboo-fiber 
composites. 

The pine needles used were from longleaf pine (Pinus polustris) stands in Rapides Parish, LA, 
USA. Pine cones and bark were removed from the pine straw. About 5% dry grass straw 
midue and understory leaves were mixed with the needles and not removed. The needles 
were steamed twice in a container for 15 minutes each. This treatment was believed to 
partially remove cutin wax on the surface of the needles and improve the bonding properties 



of pine straw fibers. &fore steaming, water was added to one half of the container. After 
first steaming treatment, the water containing extractives was removed and new water was put 
in for the second steaming. After the treatment, the wet needles were processed by a rotary 
grinder without adding additional water. The obtained materials consisted of long needle 
skim, fiber bundles, fibers, and particles. The materials were then dried in an oven at 80 O C  
for 16 hours. 

Blending war performed in a container blmder. On the bottom of the container, a turning 
blade blew fibers to the air in the container. Resin was sprayed from the top cover of the 
container to the floating fibers. The adhesives used were co-y prep& pDMI and 
urea formaldehyde (UF) resins. The two resins were thoroughly mixed before blending and 
were then applied to fibers by an air-atomizing nozzle. 

Since the high speed blade may reduce the fiber size, the effect of the propeller blade on fiber 
sizes was analyzed. F 1 k  were blended in the blender for 1, 2,3,4, and 5 mines  without 
spraying glue. They were screened after each blending. The 4-minute blending group of 
fibers was used to analyze fiber size distribution on screens of 20, 35, and 60 mesh. Five 
hundreds of fibers from each of the screens were randomly chosen for the analysis. Image 
Pro Plus software and a mounted digital SPOT camera were used to do the measurement. 

Two experiments were conducted for the pine straw composites. The first one was to 
evaluate paoel density and blending time effects at 1 pmwmt of pMDI and 4 percent of UP 
resin solid levels. The treatments wen three blending time levels (3,4, 5 minutes) and three 
panel density levels (0.8; 0.9, 1.0 g/m3). Twenty-seven pine straw composite panels, 
measuring 25 by 25 by 1.25 em, were manufactured using a laboratory hot-press with three 
replications of each treatment combination. The second experiment was to evaluate the 
performance of panels at a higher resin content. Six pine straw panels were mufatrctured 
with two density levels (0.8, 1.0 glcm3) at 2 percent pDMI and 4 percent UF. Thc straw fibers 
were blended for 5 minutes. The hand-felted mats were pressed for 4 minutes at 177 OC 
tern-. 

For the pine-straw-bamboo-fiber (PSBF) composites, the treatment was three pine-straw-fiber 
to bamboo-fiber ratios ('70 /30,30 / 70, and 0 1 100 percent by weight). Bamboo culms used 
in this study were locally obtained at Pineville, LA, USA. The culms w e  first split and then 
fed into a chipper. The chips produced were then steamed and wet-ginded into fibers and 
fiber strands in the rotary grinder. The preparing process of bamboo fibers was similar to that 
of wet-process h m 8 C d  manufacture. The fibers and strands were then dried to 36% 
moisture content in an oven at 80 OC. The dried mixtllre was dry-separated into fibers with 
the same grinder. The resin content was 1 percent pMDI and 4 percent UF resin solids based 
on the oven-dried fiber weight. Target board density was 0.8 gkm3. Nine PSBF panels, 
measuring 25 by 25 by 1.25 cm, were made with three replications for each treatment level. 

Physical and mechanical properties of the panels made were evaluated according to the 
AS'I'M D1037-98. 
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RWULTS AND E)][SCUSSION 

Figure l a  shows the fiber-like materials that were obtained from the refinement of pine straw. 
The materials cornkt of needie skins, fibrous bundles, and fibers. Figure Ib shows materials 
that were blended fa 5 minutes without the addition of adhesives. As shown in the figure, the 
materials consist mostly of n d e  outer skins (epidermis), inner skins (hypodemn), vascular 
bundles, and small particles. A small amount of fibers was also present in the materials. Pure 
needle fibas were obtained by rekznent of the materials in a wet process and Figure ic 
shows the fibers. Solid resin pieces that were 0.1 to 2 mm in diameter were mixed in the 
materials. 

(C) 
F'igure 1. Materials used to make pine straw compordtes: (A) fiber-like materials obtained from 
refineme~~t af pine needles, (B) materials obtained after 5-minute Mending, (C) pine straw fiber 
bundles and fibers. On the graphs: a - fiber, b - fiber bundles, c - needle skins, d - particles. 

Wgure 2 shows fiber length distributions as affected by blending time. The figure illustrates 
that bigger fiber bundles and needle fractions were greatly reduced to smaller fiber bundles 
within the first minute of blending. When the blending time was greater than 2 minutes, fiber 
size distribution changed little and more than 70% of the materials had fiber sizes greater than 
those on the 60 mesh screen. Figures 3 and 4 show the fiber-length distributions in the 4- 
minute blending group and fiber frequency distributions within three mesh screens (8,35 and 
60) in this p u p ,  mpctively. Fibers that stayed on mesh screens 20, 35 and 50 accounted 
for 73% of rhe total fiber weight These indicate that extension of blending time had no 
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effects .on material length after the first minute of blending. Fiber length freqwrrcy 
distributions of these thrce groups of fibers were skewed to the right, as shown in Figure 4, 
due to the removal of smaller fibers by the screening. 

Modulus of rupture and modulus of elasticity WOE), internal bond @) strength, and 
24-hour--8 thickass swell of the pine straw composites are shown in Table 2. These 
properties of the panels from the second experiment rn shown in Table 3. For the needle 
processing technology used in this study, the bending and IB strength properties of the pine 
straw b o a  meet the requirement of Class 5 of the first voluntary product standard PS 60-73. 
The low IB strength of the bards indicates that high quality bonding between the materials 
was not achieved. This was possibly due to the wax on the surfaces of the needle outer skins, 
which were the main wrnwnent of the xnaterials. 

- 0 minute - - 1 mitiute 
= - - - 2 minutes 
----- 3 minutes 
.t.. -" '". . 4 minutes 
-.--.. 5 minutes 

1*- . s d 

8 20 35 50 60 80 100 
Screen Mesh Number 

Figure 2. Length distribution of pine straw fiber matedals as affected by blending time. 
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Figum 3. Dfstribution of pine straw fiber materlds blended for 4 minutes. 

Figure 4. DWribntion of pine straw fiber-like mteriafs on the standard screen I?$, N35, and N60, 
afhr blended far 4 minutec, 
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TtlMt! 2. PruperCirs ~f'lrinlcl xlraw c r w n p i t ~  with 3 spccittic gmvity and 3 blmding time lmb at 1% 
PISfDX and 4% UF m ' n  cmfrznl, 

It w u  found that the flexural and honding strength properties of pine straw composites were 
af'lcct~ by pmd dcusity , ici'i~lin~g tinkc: and =sin cu~i~crrl of dlc, paxicls. IB su~~i i th  was: vcq 
respnsive to panel density md =sin content. This can be seen thmugh the linear relationship 
bctwocn IB strcugth d pa~icl dcrlsity in Figurc 5 .  ?Pic clTwrs of msin corltcut wclr. rcflcctcd 
via the slope of the regression lines. Higher resin content led to I greater slope. i.e., ID 
strwlgth was iaipr~vwl inom rapidly with inw~scd pnricl density at lLigl1~11- rcsi~x cootc~a 
levels. Blending time showed n significant effect on all pael propertier: (Table 2). Bending 
atid 113 shc~ig~h irmcascd will1 blcnding timc. Sin% Ltlwr: W G ~ G  liltlc chaxigm iri l'ikr aias 
[Figure 21, the blending did not reduce the f i k r  length. 'I'herefore, the blending effects ~1-e 
a~tributablc LQ one or b o ~ h  ol following two reasons: (1) the improvement in bonding 
conditions by remaval of rile waxy cutin an lleedfe skins and (2) better resin distribution 
~lnougll lcxtc~idcd rubbirlg W w m n  f i b  surl:.lce&. Tlte bl~nding blade. inu.cascs ~ h c  
roughness of dre waxy surfaces and waxy ctitin on needle sulfnces wac further removed. 
Ft~rthcr~norc, small particles and liks gcncratcd i r ~  lllc blcuding p d u ~ c d  morc bonditkg sitcs. 
These msullc indicatc that more and better refining is needed to i m p v e  ihe bending and ID 
stralgth of' pb~c straw compositm. O I E ~  of Ui(: rilclllorls could bc dic press-d grinding, 
which is widely used in the conventional wet-process hardboard manufacture. 

'I'abJe 3, Properties ~f pim stmw ccornpk prcsscd at 2 % PMDI and 4% 'EIF rain cin~lhnt 

SpeeiEc MOR h3OE D[Z 1[;S 

Ir was cxpedd IJU~ pine strw compmitc~ would have goal dimensional stnhility due to the 
h ycirophohic waxy cutin and rcsin in thc rri~crials. As shown in Tables 2 and 3. the thickness 
swell pmperties of the panels were genera 1 l y poor. More fresh t ikr  sutfaccs wcrc cxp~sod as 
blcndir~g timc irtcmsctl and more thickness swell was c x p t e d ,  even thnugh blending 
increaqed rhe bondahili~y hetween fibers. Pim straw im~cls also quieldkly ilbtiurkd 
s~wrour~ding nloidm. and wmpd. l?anel density shows little effects on thickliesn swell in the 



first expiment  (Table 2). As erpecred, itlcs-ease nf rmin co~ltent ~ D ~ E I C P ~  tll ickness swei l 
(T:ibXe 3 )  uf Cfie panels. 

F h r c  5, htarnal l?m~d ~ t rc l~g t f i  uf pime straw rxtrnp~~ites  ti^ tfflpcctd by tYoa~rl specific gravity 
and resfn content. 

The t~rechilniwl properties of PSRF rampositcs are presented in Table 4. Tlie l~ending nlld 
internal hond strei~gth pl-opiir;~ or PSBP composites were greater than tho= made. suIcly 
lium pine straw, e~pecialIy when the pine-suawfiat~ibu mtiu was less than 30 percent. 'I'his 
may he due to the stm~tg fibers arxl better bndnbility af t h  hoinhoo fi hcrs. 

T d l c  4. hIer:lrani~a1 prupcrties of pb+straw-hrnbafiibm campnsitrs. 

- - I)inc-slraw I B m b o o - f i k  f%) 7 W 3  RWI) 0t 100 (pure b a m b  fi beis) 
Dcnrrity (ghn')  0.82 0.a 0.83 

!MPCC~ 0.28 a.62 1 .(.I6 
MOR {Mp) 159 23.3 22.6 

MOE ( lo' Mpa) 23 3.G 3.3 
C 

Pirt~ straw fibers obtained by seal~linlg and refining pine needles were cvnlua&d. The 
physicnl and m h a n i a l  properties of pine stmw con~sitcs   we^ wsesqed at different panel 
d~losity, refining time, and resin coutcnt Icvels. Pine-stra~#-hamhoo-fibcr corr~positev were 
made and e\du&&d. Pine swaw materials r~sctl in this study inw,dy consisted nf pine nectllc 
skins, fibrous hundles, pniTichs, a d  2 small amoanr af: f i k m  nild rcsin, Thr: wax-coated 
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