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What prompted this work?

The physical properties of NC are often related to the mass weighted fiber length distribution.
A weighted average length by true mass is difficult/impossible to obtain.

One must settle for a functional estimate based on mathematical/statistical models relying
only on fiber length.

-Which set of calculation should be applied on NC data to get useful information?

-How should the data be treated and results interpreted?

Worked done in GD-Valleyfield in 1980’s, confirmed that the mass content of fines is
somewhere between 5 to 10% range. That work was never completed/published.

How can realistic and useful information on NC length distribution
be obtained from modern fiber analyzers?

This presentation only set the table for more discussion/work...
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Nitrocellulose Particle Sizing
Classification of NC particles
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NC is composed of numerous particles which can be divided in
groups/classes.

Fibers vs Fines - Apparent volume density
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Fibers are hollow cylinders, volume density << NC density (1.66g/cc)
Fines are not hollow = volume density = NC density (1.66g/cc)

Typically for wood and cotton NC (by mass):

90-97% are fibers and 3-10% are fines

Classification

Major effect on mass distribution : Fibers vs Fines
Lesser effect on mass distribution: Fines - Fragments vs Dust
27?7 Fibers - Shortvslong ?7??
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Classification

Nitrocellulose Particle Sizing Primary:  Fibers vs Fines
_ o _ _ _ Secondary: Fines -> Fragments vs Dust
Primary classification: Fibers vs Fines Fibers > ??22?
Fibers are hollow cylinders, volume density << NC density (1.66g/cc) Typical
Fines are not hollow = volume density = NC density (1.66g/cc) fypeotwood | piameter
i
When does particles cease to be hollow cylinders? Jaugles Py p
Somewhere between 60-100um Westom Red Codar |30
White Spruce 30
For NC fibers, D is typically between 30-50 um due to e e =
nitration swelling (average about 40 um) Southemn Pine_ 5
L Average 35

Total Average 35
wi'j NC particles cease to be hollow cylinders

when L/Dis<2

+ )

L/D->. } 05 0301

— Y maeess——
Can be considered fibers Must not be considered fibers

will be greatly over estimated
Thus: the distribution must either be trimmed or
modeled below 60-100um (taken to be 75um) to account for change in volume density...
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Classic approach to estimation of the weight distribution

Very basic approach: Valid only for hollow particles, For NC with L > about 75um

n W= NiLic
Wi En 1Wil; i
Coarseness ¢ is the linear density
P Wtotal i=1 Wi Wiotall = Z w; = Z Ny Li ¢ usually express as mg/m
An assumption must be made about coarseness: i
L
LM for a constant coarseness: ¢ = Weight/Length
n 2 n 2 W= Coarseness x Length
_ =N Ly (2= Ni i | ysually labeled:
TN L TN L L, , the length weighted average length

Ly for coarseness proportional to length:
Socal orc=alL
2 2 3 .
?:1 Ni Li C; ?=’.L Ni Li a Li ?=l Ni Li Usually labeled:

= = = L, , the weight weighted
i=1 Vi Li ¢ i=1NVi Lial; i=1 N L ayerage length

Valid for only 1 common shape and the average coarseness of length fractions
either constant or proportional to length

For NC with L > about 75um
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Classic approach to estimation of the weight distribution

Very basic approach: Valid only for hollow particles, For NC with L > about 75um

Distribution Count typical of NC after refining Distribution Count typical of cellulose or NC before refining
2000 2000
1800 © . 1800 O
Leveling out of the
1600 1600
average coarseness of
1400 - 1400
the fractions 0
1200 1200
5 1000 5 1000
8 8
Q
800 800
o}
600 600
O’Q
400 . . . 400
Coarseness ¢ is the linear density %
200 usually express as mg/m 200 i
0 X c2scee] 0 TrorMooaroeonaasoodbodo Wb
0 02040608 1 12141618 2 222426 28 3 32 34 36 38 4 0 02040608 1 12141618 2 2224 2628 3 32 34 36 38 4
Lenght (mm) E E Lenght (mm)

Average Coarseness of fractions are
proportional to length

Average Coarseness of fraction is

constant C = Weight/Length

W= Coarseness x Length

-Unprocessed fibers (from one specie) - coarseness relatively proportional to length of fibers
Short fibers = lesser coarseness, long fiber = greater coarseness
Increasing wall thickness and/or diameter

-Processing will cut fibers into smaller fibers increasing the count number in smaller length fractions

- rapid leveling out of average coarseness between length fractions
At the expense of larger Standard Deviation of the fractions

-NC after using refiners: Average coarseness of fractions is nearly constant with considerable increases in
standard deviation of fractions Therefore for NC, the constant coarseness assumption is preferred
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Estimation of the weight distribution relative to length
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Fiber length (pm) U Fiber length (pm)

The resolution in the lower range can be significantly different between instruments

Various fiber analysers produce significantly different
mass weighted length averages
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Classification

Nitrocellulose Particle Sizing Primary:  Fibers vs Fines

) . ) i ] Secondary: Fines -> Fragments vs Dust
Primary classification: Fibers vs Fines Fibers > ??22?

Various fiber analysers produce significantly different results:

-Trimming the low range portion of the distribution significantly improves
results obtained on different analysers
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Classification

Nitrocellulose Particle Sizing pomary, | Toersvs tines
) . ] ] ] econdary: Fines -> Fragments vs Dust
Primary classification: Fibers vs Fines Fibers > ??22?

-Fines: Small particles of NC/cellulose mainly composed of fiber fragments and dust which
cannot be considered of the same coarseness and shape as the bulk of the material

-In pulp: There is no consensual definition of fines.
It is sometime defined as:

-the fraction of pulp material passing through

a 100 mesh (150 um) screen

-the fraction of pulp material passing through | A\ o 1\
y Fragments'&

Q

a 200 mesh (75 um) screen
-material having an upper length limit of about 100 um
-material having an upper length limit of about 200 um (0.2 mm)

\' L

-Threshold between fibers and fines is very important for NC
-near bulk of the fiber distribution
-NC results are significantly more affected then cellulose

Wood base NC Grade C1

-A method to quantify Fines in NC by gravimetric determination is essential to determine
the validity of a model

In the pulp industry:
There is a strong opinion that the existing analyzers cannot measure or rank correctly the fines content.
Until more reliable and faster methods are available, the existing gravimetric methods is relied upon.
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Nitrocellulose Particle Sizing

Primary classification: Fibers vs Fines Gravimetric determination

NC settling rate in water

Fragments
Dust

Classification
Primary:

Fibers vs Fines

Secondary: Fines - Fragments vs Dust
Fibers > ?7?7?

Typically dust account of about 0.2 to 0.4% of the mass

Turbidity (NTU)

Sedimentationtest on NCin a fineness tube
NC Turbidity variations
Identification of the 3 classes of particles

30

Tens of Hours Days
55 —..'cmlnutes

| Fiber fragments
20 Fibers ~——=~ 100um >L > 15um

L > 75um o
15 0.
Afew &
10 minutes oy _ _
% Fiber dust particles
............... { L <15um
5 —r— T T T T T o%-o...,q ]
0.9,
ﬂ ] n..._o__.... i
0 30sec 6 min ' 1day . 4 days
0.01 0.10 1.00 10.00 100.00

Time (hours)
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Nitrocellulose Particle Sizing:
Model based on shape of particles

Assuming 3 different types of particles having 3 different ranges
of length, 3 different average diameters and 2 different densities

75um grid
’L-f' At A | about < 15 um
d about 4 um (or D/10)

Cylindrical
Density near NC density

| ‘75'un:1'g:rid' L about <75 um L
j e d about 8 um (or D/5)
Cylindrical id

Density near NC density

L about > 75 um

D about 40um
iD Tubular or Hollow Cylinder
Density << NC density

L =>... 150um 75um 50um 35um 15um 2um ...

GENERAL DYNAMICS .
Ordnance and Tactical Systems—Canada Valleyfield 10/24



Nitrocellulose Particle Sizing:
Model based on shapes of particles

For a cylindrical model where: 2

md?
— 27 — —
) Weight,articie Where: 2 4
rticles - ‘ ‘ :
pa =V X dne L = Length of long side of piece (measured) and
gt g piece (
d = Average diameter cylinder > For NC average about 40 um
Dust Fragments are filled cylinders with the average density of NC and
L <15um diameter (d) about the thickness of fiber wall or about fiber diameter (D)
L 12 L 8NC divided by 10:
i" ] 7 (D/10)? m (40/10)?
Wpust = — 2 Lonc= Léyc = 12L&y = L/33
Fragments Fragments are filled cylinders with the average density of NC and
15um < L < 75um diameter (d) about the fiber diameter (D) divided by 5 :
L 50L éy¢ —< 7 (D/5)2 1 (40/5)?
iId WFragment = TL One = TL Onec = S5O0L dyc=1/8
Fibers /‘ Sincefibers are Tubular, their average density is much lower than the
L> 75um average density of NC (by the ratio of cross sectional areas):
ﬁ 393 L 6NC-< 5H0How cylinder — 51\.’(,‘/3' 2
b nD? &8yc w4072 I
Constant Coarseness \WFiber ) 32 2132 Léyc =393 Loye =
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Distribution composed of 2 or 3 types of particles

Process the data as if the distribution is composed of 2 or3 types of particles each with different ranges of
length and 2 different densities and 2 or 3 different average diameters

Approximation

Type of for a group or | Approximation
particles class interval Wiotal
Wi
Dust
L <15um N;L;
L —
Fragments
15um < L < 75um N;L;
L —
@am: | °
Fibers
L > 75um
(;) NiLi

Constant Coarseness

Using Fragments and
Fibers Constant Coarseness

N;L?
L ZO —75um 8 —a+ Z75,um maxIV'Lz
M= N;L;
ZO 75um 8 + Z75,um maxN L
N;L;
(So-rsum 5% ) 100
W% Fines — N L
EO—?S_um l + E?S_um maxN L

Using Dust, Fragments and
Fibers Constant Coarseness
N;L? N;L?

L 20 15um 33[ +215 75um 81 + Z75,um maxNiLl?
M} —_

N;L; N;L;
20 15um 33[ +215 75um 8 [+ Z75,um maxN L

N;L; N;L;
(Zo 15um 33[ +215 —75um - Q 8

N;L; N L;
ZO 15um 33 +215 75um Q@ + ZTSﬂm mﬂxN L

) 100

W % Fines —
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Nitrocellulose Particle Sizing:

Theoretical modeling of mass weighted fiber length distribution
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. W|
— Multi Models
L<15um i ibiliti
L N.L; 2 possibilities
Model
Fragments —
15um < L < 75um N;L; -In-jﬁd
L
8
—— S .
Fibers : :
L > 75um
L i Nle
Constant Coarseness

Classic approach: 2 possibilities

L Graph vs length
L
Coarseness n 73 72 Approximation
proportional i=1 Nl L" N[ L" Type of for a group or
1
to length =1 N; in =1 N; L% particles | ciss ferva
\ Fibers
L\N Graph vs length L> 75um
L N;L;
{5 §
Coarseness N L2 N;L; o
constant n n Constant Coarseness
Zg=1 NELE i=1 NELE
1.0 :

| Over estimate Fines |
Under estimate L,

0.7 | - - - -
Under estimate Fines
Over estimate Ly,

06 -

Cumulative Normalized Weight Distribution
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Nitrocellulose Particle Sizing:

Theoretical modeling of mass weighted fiber length distribution

Model %Fiber %Fines |%Fragments| %Dust Method LﬂVErzﬂE
: T T ength um
& - | 941 5.97 5.7 0.2 P T =
- = 93.6 6.4) 6.4 €Dusts treated as Classic LI NL2/NL 255
A ragments Lw NL3/NL2 518
C_ 64.5 35.5 \_JX Fragments and Dust 2 shapes model Ly | _NL2NL 353
3 shapes model Ly ML2/ML L 355
\ 1.0 —
.5 0.9 .-—-""ﬁ
g 0.8 //r/
g 0.7 ,/// 0.06
For NC: A method to quantify <o A A,
Fines by gravimetric Bos /
. . . . g 0.4 : 2
determination is essential to s .03 / i
select or calibrate a model 202 {/
E 0.1 :
. . “ 00 Lenehiem)
ConneCtlng fo reallty 0 100 200 300 400 500 600 700 800 900 1000 1100 1200
Length (um)
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Nitrocellulose Particle Sizing:

Selecting a classification method Gravimetric determination NC fines

Types of NC particles: length and settling velocity

Elutriation and
ALLEMP
classification by
terminal velocity

=
o

of NC particles (cm/min)
[N

Typical settling velocity in water

100 -

NC Fibers

|

NC Fragments

NC Agglomerates/Aggregates

i | NCFines

Length (um)

Individua

Pieces of fibers

1000

| fibers

Refer to poster presentation on

sedimentation testing for gravimetric

determination of fines in NC samples

Screening :

Attempt classification by length
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Nitrocellulose Particle Sizing:
Classification by terminal velocity: Gravitational sedimentation

Pumping out the

volume equivalentto

L after a settling
period

Most NC fibers settle at a rate of 2 - 5 cm/min . -

For separation of fines from fibers: Settling time about L/ 0.75
For separation of dust from Fragments: Settling time about L x 10

-# of washes are required to get % Recovery > 95%
For a L/H ratio of 0.75 = # washes is 2

-Mixing must provide 3D homogeneous dispersion + L

-Initial NC concentration about 0.1%

(typically 2 g dry NC in 2000 ml of water)

-Initially, ultra sonication in 50 ml of water is required
to insure good dispersion of particles

-NC should rest in water about 1 hrs before starting
test, moisture penetration improves fractionation
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Nitrocellulose Particle Sizing:
Classification by terminal velocity: Gravitational sedimentation

Pumping out the
volume equivalentto
L after a settling

Typical fines content for various NC
samples from different manufacturers

Gravimetric sedimentation
method for content in fines in NC
Supplier Grade % Fines
iy} B 6.5
iy} A 5.5
iy} A 9.7
BB A 7.5
BB C 5.7
CC B 9.9
CC A 5.4
CC C 0.2
DD C 7.8

On 5 replicates: 6.5% +0.7%
Typical fines content for
most NC cotton or wood : 7% £3%
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Nitrocellulose Particle Sizing:
Theoretical modeling of mass weighted fiber length distribution

Model %Fiber %Fines |%Fragments| %Dust Method Average

L . : Length um

i@iﬁiﬂ 94.1 5.9] 5-7 0.2 ClESSiE Ln NUN 59
d . . . ust is treated as assic

s 93.6 6 4J 6.4 GDF tist tt d Cl LI ML2/NL 255
. ragments Lw ML3MLZ 518
__Jj 64.5 35.5 \_JX Fragments and Dust 2 shapes model Ly | NL2/NL 353
3 shapes model Ly ML2/ML L 355

The gravimetric assessment of
the fines obtained by
sedimentation testing,was

8.5% \
Approximation
Type of for a group or 1.0
particles . class‘ll\r;‘terval The Shape é 09
Bt factors can be 508
é 4 . . o
o Nk adjusted to yield £ 07
33 . @ 0.6
& different results g
o, 0.5
Fragments % 04
15um<t<75um N;Li 0 Other ShapeS Zs o)
@) - tested: always 20
Fibers ﬂn{! Come down to g 0.1 © 100 200 300 400 500 600 700 800 900 1000 1100 1200
e N.L &= nl/Shape Factor S 0o eraio
ﬁiﬁ o - 0 100 200 300 400 500 600 700 800 900 1000 1100 1200
Constant Coarseness Length (um)
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Nitrocellulose Particle Sizing:
Theoretical modeling of mass weighted fiber length distribution

Model Shape factor| %Fines :: 9
The gravimetric pu— NA 36 2 \\ =37.915x085
assessment of the ; 36 i
fines obtained by Bl N
: : 2 22 F ., .
sedimentation L :
testing was 8.5% @ ;- 4 12 T T ,
8 6 /
\ ° 4] 4 G B 10 12 14 16 18 20
20 2 \ Shape factor (For fragments weight estimate)
Approximation \
Typ_elof fragropor | -The fines model is applied c 10 \\ R
particies w, between 0 and 75um, it can be 09 N
Bt applied on a different range (like g 0.8 — |
L<t5um N;L; 0 to 100um) 207 /, ,\ 4 |
@ 33) . g 06 97, ST/ 7|
-If the shape factor is very large T s // 7 Ay 4|7 i
Fragments (>>20), it produces a distribution | F,, |/ / /) i
foum<t<7sum | Nili | similar to a trimmed distribution ==fegme A NV/7.4
@G 8 s IR/ 4
E 0.2 05 —I—
: -The shape factors can be 201 000 4 : |
e adjusted to correct results g, o E T o e e
ﬁﬁ; NiLi Obtained on diﬂ:erent eqUipment . 0 100 200 300 400 500 600 700 800 900 1000 1100 1200
Length {um)
Constant Coarseness
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Nitrocellulose Particle Sizing:
Empirical modeling of mass weighted fiber length distribution

Model %Fiber %Fines L
1 Classic L angth weighted 64.5 35.5 255 Statistical model
Classie L .,qth weighted ..
2 s Lt v 100.0 0.0 374 Statistical model
2sh del . .
3 withssh‘l':’; f:lc:o:= 5) 93.6 6.4 353 Theoretical model assuming 2 shapes
Actual %Fines Content . . .
Gravimetric method 8.5 Empirical assessment of fines contentin NC
4 2 shape model 91.5 8.5 346 C |b d d | b .. |
with shape factor = 5.9 : : alibrated model base on empirical assessment
The shape factor for this equipment is 5.9. g 0 ' | ——
It is expected that once the model is calibrated 509 PRI
. . . . . = 0.8 B
using one sample of NC, it is valid for all similar 2., / 1 J, |
samples of NC £ f Vi !
$0 { /
< suffic I 76 |
For most analysers: a 2 shape model is sufficient 3 04 7/ 7 |
- however no information provided about dust 5 ., / Y/ Ny /_4,..71/ |
o E 005 -
. . £ 02 E ‘f 3 / i
For high resolution analysers: a 3 shape model LN {7 P s m 7 10 23 20 ms w0 ||
could be used to provide information about dust S ., Wt —
—> it should be calibrated accordingly 0 100 200 300 400 50‘5 5‘:’( j"o 800 900 1000 1100 1200
ength (um
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Nitrocellulose Particle Sizing:

Empirical modeling of mass weighted fiber length distribution

Using the gravimetric content in fines and the trimmed (between 75um and max) particle size
analyser data : the L,, can be calculated using this relation:

Z N.L. = ( (Z75,um—maxNiLi) _ 1)
7 \(Zssum_max NiL;) — %Fines /100

i=0
Z VoL ( 100
ssummax —+)\100 — %Fines

S N, =
i=0

_ (20—75pmNiLi )LM 0to75um + Z75,um—max NELEZ
(20—75,um NiLi ) + Z75,um—max NiLi

Lwv oto 75um IS typically about 45-50 um, therefore:

Ly

Y

Example:

-% Fines by gravimetric method = 8.5%

-L, 75um 10 max Y fiber length analyser = 374um
Then:

-L,, = about 346um

-Compared to 346um by 2 shapes model

Lo~ 50 (Fines) + L; 75um tomax (100 — %Fines) |
M= 100

50um (8.5%) + 374um (100-8.5%)
100

Example:

-% Fines is assumed to be 7% then L,, = about 351um (Error of +5um)
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Classification

Nitrocellulose Particle Sizing: Primary:  Fibers vs Fines
: . S . Secondary: Fines -> Fragments vs Dust
Modeling of mass weighted distribution Fibers - 7997

Again, the physical properties of NC tend to depend more on the mass
then on the number of particles of the length fractions.

The coarseness is the linear density and is given by:  C = W/Length = Density x T0/4 Diameter?

Density of fiber (hollow cylinder with wall thickness WT) is given by: I """" iﬂWallThicknessWT
D d

Wallcyoss sec area S _ FiberCrossSecArea_LumenCrossSecArea6
NC — NC

Density of Fibers 6y; = — :
y f Fibers Fiber cross sec Area Fiber cross sec Area

_ (m/4D?) — (m/4d?) _ (D*—d?)
B /4 D? L)Y

6nyc whered =D —2WT
C = Densitygy,, x T0/4 D2 = ((D2-d2)/D2 8.) (TT/4 D2) = K (D2-d?)

Weight = Length x Coarseness O L (D2-d?)

L and D are external characteristics: L can be measured. What about D?
d (or WT) are internal characteristics: can only be estimated by relying on assumptions
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Classification

Nitrocellulose Particle Sizing: Primary:  Fibers vs Fines
: . S . Secondary: Fines -> Fragments vs Dust
Modeling of mass weighted distribution Fibers - 7997

i St d or WT internal characteristics:
Fiber analyzer can only measure external characteristics. estimated by relying on assumptions

D and L are external characteristics (Can be measured?)

Weight = Length x Coarseness O L (D2-d?)

For fiberboard base NC, fibers are

T o 2.
- * o it T " compressed hollow cylinders
2 "N
o el o~ L Wall Thickness WT
22 /
“L ‘ Cannot
e differentiate
ds.]i-x. ) 134 0=
- v B S
~ I' s
v h %ﬁ, of)

L measured = L of Hollow Cylinder D measured # D of Hollow Cylinder
Some interpretation will be required

(mathematical relation/statistical model may be?)

Additional efforts will be required to resolve the true distribution of the fiber portion of
NC samples using higher resolution fiber analyzers
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In summary:

-Equipment for particle sizing has evolved significantly in the last 20 years, however classic
data analysis is still very simplistic because in the end,
data analysis is extremely application and/or product specific

-Using more specific forms of modeling, it is possible to obtain more realistic estimates of the
NC mass weighted length distribution and also evaluate the content in fibers and fines

-Empirically calibrated NC models can go a long way to compensate for equipment variation

-Primary classification (fibers from fines) has the most effect on estimation of the mass
distribution and can reliably be estimated

-Secondary classifications effect on mass distribution are more difficult to estimate, more
work will be required using higher resolution fiber analyzers

-NC fines content can be estimated by a gravimetric sedimentation method

-For NC fibers: The trimmed to 75um Classic L, gngin weighea 1S the closest substitute to L,
obtained by an empirically calibrated model and the actual weight distribution

-For NC fibers and fines: For most applications, a 2 shape modeling with empirical calibration
Is sufficient
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Nitrocellulose Particle Sizing:
Shape model: Fibers as Tubular Cylinder (Hollow Cylinder)

Rule of thumb:  Emmmmp _fo°r Diameter = W/ 1.6
' Fiber Wall Thickness = W / 20
Typical
External Wall Ratio
Type of wood Diameter | Thickness | ExtDia!Wall Thick
pm pm

Douglas Fir 40 4.0 10
Hemlock 40 25 16
Spruce/Pine 30 2.0 15
Western Red Cedar 30 1.5 20
White Spruce 30 2.0 15
Lodgepole Pine 30 2.0 15
Alpine Fir 35 2.0 18
Southern Pine 45 510 9
Scandinavian Pine 35 3.0 12

Average 35 3.0 12.7
Total Average 35 2.7 14.4

@:¢d
Fiber Wall
Thickness
e el Wall Thickness = D /12.5 % 3

Wall Thickness =W /204
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