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This study tlescri1)c~s an inexpensive >und si~nplc n~etliod of c \ . a l t ~ a t i ~ ~ g  tllr, pr~.crnt  of 
sllrface area of fibrrizerl wood furnish that is covered with aclhesive. The nlethotl msrs 
an integrating microscope eyepiecr and a rancio~n-field san~pling techniqnt, to observe dyed 
(rhodamine R )  resin. Blended fl~rnishcs of known surface coverages were evalnatcd to 
illustrate the accilracy of the sampling technicll~e. The tt~chniclue is particularly atlaptal)lr. 
to in-plant Ilse. The relationship I)etwcen rcasin coverage, resin level, and l~lender loatling 
rate is prrsentetl. Results indicate that, on a sl~rfaccl arva I~asis, snlallrr sizr fil1t.r does not 
rccrivc. a disproportio~rat(~ s11;u.t. of rt~sin when I)lrndt.tl in a I~ilot-plant-sixc, short-rcbtention- 
t i ~ ~ ~ f s  1)Ientlt~r. 

The attainmelit of masimmn resin effi- 
ciency in the medium-density fiberboard 
( MIIF) industry requires :i rapid means 
of evaluating the a~nount  of resin coverage 
on the fiberized furnislr. Achieving maxi- 
mmnt resin efficiency is critical to lninirnize 
J I I IF  production costs. Production per- 
sonl~el arc hampered in evalllati~~g tl~cir 
Ixirticular mealis of achieving ~naximl~rn 
r c s i ~ ~  efficie~lcy l~ecause of lack of a tech- 
uicllle to cl11;uititatively tllcasllre resin cov- 
oragc. The terms "resill covc~rage" find 
"resin distri1)utiolr" havc often lwcn used 
ilrtrrchangeably. For this study, "resin 
covcarage" is defi~ied as thc amom~t  of srlr- 
f ; ~ c r ~  ;ire3 covc.red with rclsi~~, expressc~d as 
;u perce~rtagc of thc total sllrface area. 
" l i e s i~~  distri1)lltion" is tlrfi~rctl as tlrr vari- 
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ation ill resin colltel~t over a range of 
p:irticlr-size classes, expressecl as a per- 
centage of the total resin content. 

Quiultitativc measurement of resin cov- 
erage on a fiber furnish in a productio~i 
situation could 1)e used both in the eval11- 
atiolr of production variables and iir  process 
control. Evaluation of resin covc.rage olr 
p;irticles has usually l ~ e e ~ i  aidcd 1)y the 
addition o f  dyes that color either the resin 
or the wood. The dyed-resin covclrage Iias 
I)ec~l e\ialuatr3tl 1)y light microscopy (Leli- 
Inalrn 1965), reflection photometry ( Lch- 
tnann 1968), or ultraviolet light pho- 
tography ( Lchmann 1970). Cinzel and 
S t c g ~ ~ ~ ; m i  ( 1970) evaluated 75 coloring 
agmits and folind 12 that were suitable for 
cletecti~~g uncoated flake surfaces. These 
~ilcthotls citlicr did not givc clu;u~titative 
c,sti~rr:ites of rc,si~r coverage or the ecluip- 
tnent rrclniretl was cost-prohibiti\.c fol. t 1 1 ~  
typic;il in-plant 1al)oratory. 

A methotl of Ineasl~re~ncnt 11si11g a dot- 
gritl, integrating cyepiccc in a ~lricroscopc. 
hiis 1)cc.n ~~sc.tl rffcctively in sevc'ral al1:1- 
tolllic.;rl and mensuratio~t;J stutlies of \\ ootl 
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11. , u ~  .: is ( 1969) used the clot-grid integrating 

csyepiccc for estimating cell-wall tliicl<ness 
i l l  wood specilne~is. Quirk (1975) arid 
(211il.k il~ld Smitlr (1975) usrtl the inte- 
grati~rg ()yepiece for cstinlating cell-\vall 
areas a11t1 specific gravities of wood sani- 
plcs. 'I'itylor (1973) r~sc.d this 111etllod to 
cssti~r~atc, the proportion of tisslrc types in 
\ , a r i o~~s  wootls. 

The o1)jcctivc of this study w:ls to eval- 
11ute the feasil~ility of 11si11g a dot-grid i11tc.- 
grating eyepiece as a rtuldom-field sani- 
p l i ~ ~ g  tcchnicl~rc to clr~al~titativcly n1cusul.c 
resill covcrage of il filler fmnish. The, inte- 
grati~rg eyepiece was rlsetl as a dot-grid 
sn1i1pli1rg tecll~~iclne in tliat dots are asym- 
rl~vtrically arra~~get l  within t l  circular field 
O I I  2 1  graticlrle inside tlrc. cyrpiece of thc 
rr~icroscopc. allel are supcri~nposed on the, 
slx,cin~c~~r to I,(, ev:~lt~ntetl. 

Fiber hlerltling 

The filler ft~rnish used in this study was 
a mixturc of co~nmerciillly pressure-refilled 
sor~tllerll liard\voocls. l~hotlamine H, an 
11ltra-violct-fl11oresce1it dye, was added to 
;I co~n~~lcrcial  trren-formaldet~ycle resin at 
0.55 lxlsed on resin solids. 13lendillg was 
acco~nplished ill a pilot-plant-size, short- 
retcl~tio~r-time 1)lencler with through-tlie- 
shaft resill upplicatiol~. Thrce resiii levels 
( 6 9 .  9%, ant1 12% ) ant1 two Ille~ldor load- 
ing rittcs ( 1.1 kgliuir~ a11d 3.3 kg /~nh i  of 
wootl fi11c.r) were used. For each set of 
I)lr~rding conditions, tllc I)le~rcled filler was 
lmrumatically co~iveyetl to a vacllum 
tornrer wllero il 51-cm by 61-cm mat was 
for~nctl. The m:it was rlicchairically scalpetl 
to  a ~niifornr thicknoss of approximately 
l"c1. 

A ra~ltlomly sclectcd cross section of a 
scnlprtl 11iat for tach set of vnriallles was 
~.ernovod ttrrcl ovcn-lleilted for 5 ~ninutes at 
105 C,  tlrlis c~rring the resin to avoid dis- 
tt~rl)ing th(t rcsilt coveragc. t l ~ ~ r i n g  further 
~ x o c ~ ~ s s i ~ r g .  A 25-g sa~nplc. n7as randolnly 

selected a i d  screen classified in a Tyler 
Ilo-Tap. Screen sizes were 18-, 30-, 4 5 ,  60- 
and 80-mesh (Tyler).  

A random sample of tlre I~lended fiber 
from each screen fraction was uniformly 
tlistril~uted on u microscope slide. The 
slide was cxamiiietl with a light microscope, 
cclniplxxl with ultra-violet incident lighting 
;l1ld a Carl Zeiss Integrating Eyepiece 1. 
The follo~ving Zeiss ultra-violet excitation 
m d  suppressioli filters were used to avoid 
the 71alo effect" from nrou~ltl the rlroda- 
]nine H dye on the furnish: 3111m RG12, 
4111111 HC36, 11nm UGl, and a K530. 

Three counting fields on each slide were 
rando~nly selected, and three counts were. 
111ncIe at e:lcl~ field lly raiitlo~n rotation of 
the cyepiece. Points falling coincident with 
1)oth 11ncoatt.d and tlyed-resill-coatecl fiber 
srlrfacc were, recorcled. Tlie extent of dye 
~i~igration and/or leaching wns negligible 
with this teclinicl~le. Therefore, i t  was as- 
s~lnletl tliilt the ol~served location of t l ~ c  
dye on the fiber was coincidc>nt with the 
loca t io~~ of the resin. Care was taken to 
focus on t11c resilt points, \vhich were 
counted, i~isluilig that tlre resin ollserved 
was on the top surface o f  thc fillers. Tlie 
~nicroscope ~nagnification lrsetl was sue11 
tliat the average diameter of the fillers 
being mcasnred was abo~i t  equal to the 
tlistailce Ilettveen two grid points of the 
integrati~rg eyepiece, as suggested b y  
N c r ~ c ~  ( 1967). 

'To tlctermine accuracy of the random- 
fiold s a ~ n p l i ~ ~ g  tc>chrricllie, control sarnples 
of know~r c1yc.d surface area were prepared 
:lrrd c~valuated. A random sample of 1111- 
I)lendcd fiber was iux~iiersed ill a dye-water 
soli~tio~l, ant1 another rantlorn sample was 
ilnnrersetl only ill water. 13otlx sa~iiplcs 
wcre. ovcn-dried and tlren screen classified 
as t1escril)ed ill  the previous sectioil on 
filler sit~npling. Filler retailled on the 18- 
~lieslr screen was selected as the control 
filwr sample, sincc this screen fraction 
corrstitl~tctl approximately 45"/rof tllc: total 
lvt'igllt of thc. fi11c.r fnrnisli used in this 
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study. Control samples of 0%, 25%, 40%, 
SO%, 60%, 75%, and 100% coverage were 
prepared by mixing, on a weight basis, 
fibers that were immersed in the dye-water 
solution (100% dye coverage) with fibers 
that were immersed only in water (0% dye 
coverage). Fibers were randomly selected 
from each set of control samples, uniformly 
distril~uted on rnicroscope slides, and eval- 
uated for dye coverage as previously de- 
scribed. 

I t  must be emphasized that the accuracy 
of the sampling procedure was evaluated 
with the above approach and not the ac- 
curacy of the total technique of sampling 
and resin coverage detern~ination. Several 
problems of evaluating resin coverage on 
tllended fibcr furnish do exist. The major 
problem is avoiding "show-through" of 
resin from surface to surface on the smaller- 
size fiber fractions (80-mesh or smaller). 
Very careful focus adjustment is required 
to minimize this effect. Errors related to 
"show-through would result in an ahnor- 
mally high resin coverage. Another prob- 
lem occurs when the fibers are covered 
with small resin spots. The operator must 
make a subjective evaluation to determine 
if a dot is to be counted as coincident with 
a resin spot. These I~orderline cases require 
subjective evaluation, and, with the fiber 
and rosin types used in this study, this 
particular problem occurred with approxi- 
mately 5% of the filler evaluated. 

RESUI.TS AND DISCUSSION 

The relationship between actual dye 
coverage of the co~ltrol samples and dye 
coverage observed with the integrating 
eyepiece using the random-field sampling 
technique is shown in Fig. 1. The equa- 
tion that relates the observed coverage to 
the actual coverage is also indicated in 
Fig. 1. The greatest difference between 
the ob\erved and actual coverage, 5.4%, 
occ~~rred  for the mixture having 50% resin 
coverage, with ail averngc difference of 
2.4%. The coefficient of determination, 
It'. was 0.99. 

ACTUAL RESIN COVERAGE,% 

FIG. 1. Relationship bctwern observed and ac- 
tual snrface area of 18-mesh fiber coveretl with dye. 

The accuracy of the technique when 
applied to deterlninatiol~ of resill coverage 
on blended fiber was not determined. Thc 
problems mentioned in the previous section 
made these meas~irements somewhat sub- 
jective. Howeve]., errors caused by thc 
subjective nature of the measurements werr 
assumed not to significa~ltly affect the use- 
fulness of this technique as a productior~- 
control tool. 

Resin couorage 

The resill coverage for cach screen frac- 
tion of blended filler. for each combination 
of resin level and loading rate, is shown 
in Table 1. The average resin coverage, 
comhini~lg all resin levels :111d loading rates 
for each screen fraction, is shown in Fig. 2. 
An average of 35% of the surface area of 
the lllcnded fiber retained on the 18-mesh 
screen was covered with adhesive. Thc 
average covered surface area for 80-mesh 
Illended fiber was 34%. This rcDresents 

L 

less than a 1% variation in resin coveragc 
from the largest to the smallest fiber size. 
There was no significant difference between 
these means. I t  is known that the total 
surface area for a given amount of fiber 
increases with decreasing fiber size. Con- 
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'I'AIII.L: 1. H c s ~ ~  c,ot)erngcJ for sir ,screen fractions of fiber (11 oariotrs resin 1euel.r and blender loading 
rates 

.- . -- - 
1 . o : u l i 1 1 ~  ]<?sin Covrragt I)? Scrccn Fraction, %, Average 

rxtr l<r.;in - coverage 
1 x ,  nrirr % +I8 +RO +dS +60 +80 -80 

~ -. .- - - - 
% 

1.1 6 26 16 26 16 2 1 21 21 
,';, :3 6 25 32 28 30 33 35 3 1 
I .1 9 34 32 35 32 34 38 34 
3 3  9 31) 4 1 33 3 1 35 30 35 
1.1 12 35 46 46 47 36 44 42 
:;.,3 12 50 4.4 35 40 47 47 44 

Avc~~afit~ c'~\~c'ragc., 35 35 34 33 34 36 
v 

~. 

sccluc~~tly, on the basis of sl~rface area, the 
s111;1llcr-si7e fibers did not receive a dis- 
lxoportion;~te amou~lt of rcsin, even thong11 
TIaigll and Zahrnt (1967), and Maloney 
( 1975) ,how that they do on a weight basis. 
A \econd consequence of this finding is 
that, in a quality control application, it 
\vorild not be necessary to evaluate six 
~ C I ( ' C I I  fr<lctioil\ to cletermine re.;ii~ cov- 
cwqc ' n ~ e  geometry of the blended filler 
115t.tl in this htncly permitted the use of two 
i~laqlrification\ (llOX anti 7 5 ~  ) to meet 
thc. r r~ l~~ i remen t  discussed earlier that the 
avc,r:lgc diaii~eter of thc particles rneast~red 
I)e eclual to the distance between two grid 
poilit\ of the i~ltegruting eyepiece. Fibers 

Iargcr than 45 mesh were evaluated using 
optics with a 7 5 ~  magnification, and fi- 
bers smaller than 45 mesh were evaluated 
at 110x. Therefore, only two screen frac- 
tions need to be evaluated for fibers of 
the type used in this study. 

As expected, resin coverage increased 
with increasing resin level, as shown in 
Fig. 3. An analysis of variance (Table 2 )  
revealetl that the relationship was signifi- 
cant. The difference in resin coverage be- 
tween tiller blended with 12% resin and 
fiber blended with 6% resin was 100% at 
the 1.1 kg/min loading rate and 42% at 
the 3.3 kg/min loading rate. All resill cov- 
erages were lower than expected. The low 
resin coverage obtained in the short-reten- 
tion-time blender investigated indicates 

./min. LOADING RATE 

4 
1.1 kg./min. LOADING RATE 

O 
0 

I 1 L 

6 9 12 15 

TYLER SCREEN MESH RESIN L E V E L ,  % 

FI~:. 2. Average resin coverage versus fiber size. FIG. 3. Resin coverage as a function of resin 
Tllc area enclosed is indicative of the percent of level and blendcr loading rate. Each value repre- 
niaterial retained on a particular screen. sents an average of 54 observations. 
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' I 'A I~ I ,~ ;  2. ~\t~nl!~sis of t;c~ric~~~cc~ of rcjsitl cocerclgo us affcctcrl rc.sitl /ccc,l utld hl(>trrlcr k~ndii~g rate 

that tliel-c is consitlcral~le room for im- 
pro\ t'1ne11t in 1)lelrder dcsig11 :iiid/ol- ~ n a ~ ~ i p -  
111:1tioll of I)l~~lidiiig vnriablt~s. 

Averngc resin coverage at  all resin levcls 
\\]as higher with the higher I)le~lclcr loading 
rate, althorigh the difference was not sta- 
tistically sig~lificnlit (Fig .  3 and  Table 2 ) .  
'The higher resi~r coverages o1)served with 
the I~igll(xr 1o;idillg rate in general arc due  
to tllc~ clc,sign of thc I)lender, which per- 
inits it to f u ~ ~ c t i o n  Illore efficiently under 
loail l~eca~tsr .  of the greater scrul,l,ing ac- 
tio11 of thc particles on c~icll other (Camp- 
1)ell 1974). 

A trclil~iclue for accl~rntcly cvnl l~at i~ig  
rrsi11 coverage that  is adaptable to in-plant 
ev;i l~~ations of productioli and 1)lender vari- 
al)l(~s has I~oell ttescrihed. I n  :t production 
sitllntiol~, this type of e\ulltation Inay b e  
tiiilorctl to fit the particular plant. If 1)o:irtl 
lxo(luctio11 is to I)c over1:iyed wit11 thin 
vellcers or the cilgc csposed, a dye that  
f l~~orc~sccs  lmder ultra-violet light 1)nt that  
is invisil~le 1111der ~lorlnal  illcident light 
may 1)c llsed. If the ?lid llse of the  I~onrd  
docs 11ot deiilalld a ~ia tnrnl  color, other dyes 
that arcb readily detccta1)lt ulldcr norlnal 
i~ lc i i lc~i t  light call I)e rised to aclnpt the 
procedure to the lightillg ei j l~ipment nor- 
mally nvnilal~le ill plant situations. Cen- 
erally, the evaluation of resin coverage 
wnllltl 1 ~ e  d o l ~ e  periodically recluiring only 
a slriall anlolult of dycd fl~niish.  

The optical evaluatiol~ of resin coverage 
on filler furnish using a clot-grid integmt- 

i ~ i g  cyepie,ce as a ralrdo~n-field sampling 
tech~~icll le was shown to 1)e technically 
feasible. This relatively simple techllicll~e 
is readily adaptable to in-plnnt evaluation 
of prodnctioll and  blenrling variables. 

Using a pilot-plant-size, short-retention- 
time blender with through-the-shaft resin 
application, resin coverage on the  fiber 
furnish was fomid to 1)e independent of 
fiber size for a particular set of blender 
varial~les. The  resin coverage illcreased 
with increasing resin IeveI. 
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