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. I Abstract
Screened aspen clean-wood chips and

unscreened aspen whole-tree chips were
stored In Insulated boxes supplied with
humidified air. Two series of tests were made:
one with a single box of clean-wood chips and
two boxes of whole-tree chips, all stored for 96
days; the other with two boxes of each type of
chip., each box containing three weight loss
sampl. bags, and all stor d for 180 days.

Similar temperature profiles for the first 96
days of storage were obtained In both series.
Cleanwood ~ilp temperatures were n~ er
morethan 14 F—and ususily leesthan7~~—
above ambient, whereas the whole-tree chip
t.mp.ratur.s reached 42~ P above ambient
much of 0* tim during the fIrst 85 days of
storage. 

_ _Weight losses of ovsndry wood substance
aversged3p.~~ntfor thecle.~~ ood chips
and 19 percent for the whole-tree chips after
180 day. of storage.

.1

The use of trade, firm , or corporation
names In this publication is for the information
and convenience of the reader. Such us. dose
not constitute an official endorsement or
appr oval by the U.S. D•partm•nt of
Agriculture of any product or servic, to the
exclusion of others which may be suitable.
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ctlon chips has prob~~ s and there have bes~~~ J
reports of rapid deterioration and of fires in

Pulpwood used to be stored almost plies of these chips (0).
exclusively in log form; now It is an almost The study reported here Is a laboratory
unlvsrsafty acc.pt.dPiactlcetastore muChof comparison , using the insulated box
it as chips in large outside piles. Despite its techni que (12), of the heating and lasses that
broad acceptance , outside chip stora ge (OCS) occur on stora ge of screened clean-wood and
Is not trouble frpa~ Self hast ing occurs in of unscreened whole- tree aspen chips.
almost all chip ~~I and, in cases, sponta-
nious Ignition h s  resulted in large losses (1,
5. 7).$ While such large losses are rather rare, Material and Methods
other losses such — wood substance, pulp
yield, strength , and brightness, as welt as tail Screened aspen clean-wood chips and
oil and turpsnt ine, also occur during storage. UnaCrssned aspen whole-tree chips (Populia
Th various types of deterioration associated fremuIo~dss Michx.) were stored in 4- cubIc -
with OCS ar, well known. The literature on the foot insulated boxes supplied with humid ified
detsrioratlon and other aspects of OCS has air. Two series of tests were made: one with a
been reviewed (& 11). slngl. box of clean-wood chip, and two boxss

R J ~~WOOd chips became of interest t~ 
of whole-tree chips, all stov d b ra  period of OS

kraft mm. becaus. of their Incr,as.d fi~~ 
days; the other with two boxes of each type of

yield and favorabl e economics (& 
~~~~
. ~~ chip., each box containing three weight loss

storage of un~sr~ed ~~~~~~~~ ~~p, ~~~~~~ , 
p.,~ 

sample begs, aft stored for 180 days.
caused problems and a firs (7). Since 1970, tl~ 

For the first series, mpsn tress about 5
concept of whole-tree utilization, because of inches in diemeter were cut from the same sits
an pending fiber stiortag., i~as corns ~~~~ 

In central Wisconsin in early June 1975~ The
class stud y by many forest products tries for the second series Wifi Cut S weiks
companies (& & 10). Again,

__

with storag, of lSt5(~
othsrtypesof chips,0*storalsof whole-frSe

psd by a four-knife Carthage chipper to S/S

‘I~ 1.MMU M ~~~~ wis. ki ~~ .iuston~ Ith me 
~t uu~~11/4.4n~htOP ~~~~~ and thc~~~~

IMk~s.iIY at ~~i~~ iIfl remained on $ 1/4-Inch bottom screen were

~~~~~~~~~ ~~~ ~~~
- ~ .ooeplst For whole-tree samples, everything

ij ~ ij 
ab~ s the stump was put through the chipper.
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Some twig -type mater ial was put through are shown in tables 1 and 2. For the second
several times to obtain a more uniform size series of boxes , carbon dioxide production
material. The whole -tree chips were not was calculated after 90 and 180 days. For the
screened. whole-tree chips, weight lose as determined by

Each sample was thorough ly mixed before Carbon dioxide product ion and direct
storage in the insulated boxes. Moisture weighing are in good agreement. For the clean
determinations for all seven boxes were made chips, the agreement between the carbon
on grab samples obtained while the boxes diox ide produced and direct weight loss is
were being filled or emptied. Three weight loss mu-h less satisfactory . The reason for this
sample bags of nylon mesh each containing discrepancy is unclear. Average weight loss by
300 grams of fresh chips were located near the direct weighing after 180 days of storage was
center of each of the four boxes in the second 3.0 percent for the clean-w ood chips and 18.8
series. All samples were processed within 24 percent for the whole-tre e chips.
hours of felli ng the trees. After 96 days of storage , the first series of

Water-saturated air was metered to each boxes was opened , and the color of the chips
box through a flowmeter. The exit gases were visually comp ared (fig. 3). The dark color of the
analyzed for carbon dioxide content using a whole -tree chips indicates deterioration and
Model 29 Fischer-Hamilton Gas Partitioner, qualitati vely supports the weight loss data. The
calibrated by a standardized gas sample. The appearance of the chips in the secon d series of
weight of carbon dioxide was calculated after boxes, after 180 days of storage, was similar.
the volume was corrected to standard con- This test using unscreened aspen whole-dltlons. tree chips may not be typi cal of the practice ofTemperatures were recorded daily by a many large mills where screening is used tothermocouple located in the center of the chip remove grit and fines. However , from ourmass of each box. preliminary reeults compari ng storedAfter storage, the boxes were opened and screened and unscreened whole-tree chips ofthe colors of the chips were visually compared, both hardwoods and softwoods , screeningmay not always lower the maximum tempera-

ture attained but only delay the maximum peakResults and Discussion temperature.
Center temperature profiles of the stored

chip ma were recorded for two series Conclusions
of runs. Because they were no more than 3’ F
apart throughout the run of 96 days, the Large differences were found in the tern-
temperatures of the two whole-tres chip boxes peratures attained and the weight losses that
were averaged and are shown asa&ngle curve occurred during storage, under laboratory(fIg. 1). Temperature profiles from the second conditions, of aspen clean chips and whole-series for 180 days were also averaged (fig. 2). tree chips. These probably represent the
The profiles for the two sides were similar minimum temperatures arid weight losses that
except for the greater drop in temperature might be expected In Industrial storage of
between th, first and second heating peaks of aspen chip.. In large industrIal piles of aspen
the second series with the unscrsensd whole- clean chips, temperatures are much higher
tree chips. This type of profile is not unusual than reported here and weight losses are two
with stored chips and the first short heating to three times as great. In large piles of who le-period and peak may not always attain the tree chips , weight losses would be expected to
highest temperature. The second hiating be even greater than the 18.8 percent reported
period Is usually much longer than the first here and temperatures could rise to the point
one. Such fluctuations In temperature are where spontaneous Ignition Is a possibility.
probably caused by changes in the number Temperature and carbon dioxide data
and types of micro-organisms of the chips. suggest that much of the weight loss occurs

ffilght ION data, carbon dioxide pro- within the 1 i~it 90 days of storage. For
duced, maximum temperature attained, and unscreened whole-tree chIps, It is obvious that
Initial and final moisture contents of the chips storage times must be as short as possible.
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FIgure 1. — Center temperature profiles of aspen chips stored for 96 days
In 4-cubic-foot Insulated boxes.
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Figure & — Avsiaga center temperature profiles of aspen chips stored for
180 day. kv 4-Cubic-fool lnsulatid boxes.
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Table 1. — Maximum temperat ures and amou nts of carbon dioxide produced from
F . aspen chips stored In insulated boxes .

Chips’ Storage initial Maxi- Time to Total CO2 Average
time weight mum tern- maximu m ______________ 

ox moisture
(0.0.) perat ure temp erature 90 days 180 days Initial Final

Fit
First serles 96
Box 1. Clean-wood 46.3 84 6 1.1 — 45 44
Box 2. Whole-tree 52.1 115 45 24.8 — 44 39
Box 3. Whole-tree 52.4 115 45 24.9 — 44 37
Second Series 180
Box 4.CIe.n-wood 45.3 81 5 .3 .5 44 41
Box 5. Clean-wood 41.1. 82 5 .2 .4 44 41
Box 8. Whole-tree 44.4 121 7 16.7 20.3 47 40
Box 7. Whole-tree 45.0 119 8 13.7 15.5 47 39

1CI.sn-wood = Dsba*,d wood of 5/8-in, chip, screened through a 1-1/4 In.-, and on a 1/4-in.-, square mesh screen.
Who4.-tres = Chipped as is” and stored unscreened.

Table 2 — Weight loss of aspen chips after 180 dflys of
storag• In Insulated boxes

Chips Weight loss (0 0)

Pot
Clean-wood

Box 4 Bag l 4.4
flag 2 3.4
Bag 3
Average 3.8

Box S Bag i 1.6
Bag2 3.2
Bag 3
Average

Overall average 3.0
Whole-tree

Box 6 Bag 1 24.3
Bag 2 20.4
Bag 3 21.0
Average 21.9

Box 7 Bag i 14.3
Bag 2 11.2
Bag 3
Average

Overal l average 18.8 
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