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TAFPI - ASTM ROUND ROBIN TESTING

Wax Penetration Test

Wax ASTM.D5-25
A 25.3
B 15.2
¢ 8.9
D 2640
2 311
Note: The shrinkage of A was very high.

visible.

MICRO PENETRATION
20.7
11.0
9.0
24.0

33.2

There was no reflection

Left a 1/4-inch diameter hole in the center of

the micropenetration sample."4A", "B" and YE* were poured

FORM 73

at 180°F. The melting point of "C* is so high that the
wax vas chilled too soon leaving a poor surface.
poured at 215°F. The wax "D" was tested without using
the tranafer dish as it was not possible to get a zood

zero gsetting under water. "DV was poured at 195°F.
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MEASUREMENT OF TACE IN LAMINAPING WAXES

INTRODUCT ION

A oroblem which frequently arises in the use of microcrystalline
type waxes for laminsting is the evaluation of their ability to remain
adhesive at elevated temperatures or temperatures just under their applica-
tion temperstures. This problem arises, for example, in the uge of ‘glassine
or greaseprcof laminstions to boxboard for poudered detergent or soap con-

talners, In this application, the containers are filled with the powders

o

at temperatures up to 150°F. and in such cases the laminate ;gvsnbjact to
sepafation if the thermal characteristics of the adhesive are not properly
chosen, The oroblem of laminate verformance at elevated temperature also
exists in normal use and storage conditions of many other laminated vroducts—- ...
such conditions as, for exammle, in poorly ventilated freight cars in abnormally

hot weather or in the holds of ehipe in tropic climetes, These latter condi-
tions are freauently met in vackaging applications for the armed forees. In

the selectioz of = laminating msterial for some spplication it is therefore
importent to know or vredict ites behavior at elevated temperestures., It is

the purpose of this uroject to develop means of predicting such verformance

in regard to microcrystalline waxes by means of a relstively slmple test on

-

the bulk material.

Kicrocrystalline waxes are used as laminaeting materials because of

their excellent moisture resistance, flexibility, and low cost. These materials, %{'
; ¥
unlike paraffin, do not have sharp melting pointe, and at temperatures below

R

i
.{f Rkee

THE INSTITUTE OF PAPER




B T YO L o ' =}
Project 1102-10' ; X
March 5.31%1952 i

Page 2{’&‘{:1 ;‘,’1!;-' .

that at which they are.frue-liquida, they pase through a conditlon of’uﬁﬁgéo;
geniety characterized by a soft gel-like consistency. This slush-like state

may exiat over a broad Or narrow range of temperature depending on the

particular wax and may be further charactarized hy a 1arge or small degree
:of a loosely defined uroverty called tack or stickiness. Tack 12 a desirable
property from the standvoint of laminating in that it all&ve a withdrawal

of opressure during the setting or freezing veriod of the edheslive. Such

a withdrawal of pressure cannot in fact be avolded in a continuous laminating
vhere pressure ls epplied at the nip between rolls for only a brief instant.
With materisls which heve a sharp melting point such as paraffin wax this
brief instant should coincide with the tramsition of the wax from licuid

to solid as nearly ss possible; otherwise the plys being laminated will
separate after passing through the nip, V¥With microcrystalline laminating
wvaxes the timing 1s less critical'because the tack of these materlals holds
the plye together for the brief cooling or setting period following the

pressure nip,

On the otker hend, the performance of » well adhered laminate at
elovated temperstures is adversely affected by a change from a solid materie]
to a tecky siush becsuse the tenderey for ply sevaration in the latter state
is greater than it is in the former state. Therefore, the difference betweé;
the avplicstlon temperature snd the optimum performance temperature is in-

creased which 18 undesirable.

It i therefore of importance both from the standpolnt of the
laminstor and the consumer to know how broad a temperature range the inter-

med iate state between a licuid and a eolid exists and a=lasc what degree of

“tack this region possesses.
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Many workers have considered tack to be primarily a function SfFL

viacoaityl or in fact to be the same es viscosity., Others coatend that
_tack is a combinatlon of several properties such as viscosity, vield uoint

2
elasticity, relaxation time, wettability, cohesion, and adheeion,  Where

. a Newtonlan liouid is involved and the meaning of tack is restricted to

the restraining force involved in the separation of two surfaces wetted

by the materisl being tested, then it is true thet tack and viscoslty =sre

the same vproperty., However, the messurement of tack usually involves more
than measuring only viscosity, or plastic flow properties if the material

18 not Newtonian. On less fundamental terms, tack can be considered to be
the apperent adhesiorn developed when the nonsolid material being investigated
1s brought into contact with a solid material or when two surfaces of the
material being investigated are brought into contact. The term "apperent®
adheston is used here to dif?;;;hfrgtq betveen true adhesion, the meaning of
which 1s 1imited to the attrective forces between two surfacee, Apparent

adhesion may Involve both true adhesion, rheological behavior,wettablility

and other factors.

The above concept of tack would not usually appear to heve a counter-

part in the performance of & laminsting wax in thet here a change of tempera-
ture is usually lovolved after initisl contact is made. In other words the
material upon which tke tack is beingz measured is brought into contact with
a8 solid material at onme temperature during the lamineting process and the
apparent adhesion 18 of interest at other temperatures. However, it is

poasible thet in actusl performance, the contact between the laminating

1
J. J. Bikerman, J, Colloid Science, 2 (1947) 163

Z British Rheoligiets Club. Patra J., 6 Fo. 1:12-15 (1942).
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material and a solid or between two surfaces of the laminating material
would be made in the region in which the apparent adhesion would normslly
be of interest (1.e., the fegioﬁ between the limid end solid state). Three
possibilities therefore exist for teste on lamineting waxes to-determine-
the degree of tack 1in the regilon between liquid and s0lld mentisned above,
One is to make the initial contact with solid surfaces with the temperature
of the laminating material in the 1liquid region {to insure wetting of the
gurface) and to test the avperent adhesion 1nlthe reglon below which the
laminating materials are liquid. The others are to make the initial contact
between the lamineting materisl and a solld sﬁrface or between two surfaces
of the lamirating material at the same temperature that the resultant

apparent adhesion 18 tested.

The following paragréphs &Escribe a test intended to determine
the degree and broadness of the tacky reglon of a mlcrocrystalline wax by
the method 1in which contact with a solid surface (in this case, a dielectric)

is made and the apvarent adhesion tested at the same temmerature.
IXPER IMENTAL PROCEDURE

In order to orovide a surface of a microcrystalline laninating
waxr at a multiplicity of temperstures so that the regions between liouid and
801id states could be accurately determined ag well as determining the tack

within thet regsion, a gredient bar wzs constructed as shown in Figure 1 below,
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"In Pigure .2 the calibration curve was obtained with one
thermostat at 70°F, and the other at 188°F,* The measurements of surface

temperature on the gradient ber were made with a thermocouple filed down

to provide good metal to metal contact. Pressnre wap anplied to the
‘couple by means of a vencil "eraser "to insure good contact. -The -position- - --- --

along the gradient was established by meens of a scale marked off in 0. 1“

divisions as shown in Figure 1,

The following microcrystelline laminating waxes were available
for preliminary testing. These represent typical commercially used materials.
1, 2300 wax, Socony Vacuum 0i{l Company, Inc,
2. Magnawax Brown, Socony Vacuum 01l Company, Inc.
3. Jancoat, Bareco 0il Company.

b, Maultiwax H—835, Petroleum Specialties, Ine.
—,
Accurate spherical nylou balle 1/4" and 1/2% in diameter were

obtained from the Ace Plastics Fabricators to use as 41electr1c s0lid

surfaces,

The teet used to determine the tack characteristic of the wax

surface over a temperature gradient was to let a nylon ball roll onto

the -wax coated gradient bar in a direction of constant temperature (trans-~
versly across the gradient bar) at various voints along the gradient bar
represent ing varlous temperatures, Kinetic energy was imparted to the ball
by releasing it from the top of a small ramp 7/8" long st a 52° angle. In

this test it was assumed that the tack of the wax is vroportional to the

* Actually reads 190°F. with one thermometery 187° with another. Thermocouple
ueed for surface measurement of gradient bar read 188°F,

bl |-
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retarding effect on the rolling bail go that the further the ball rolled

the less tacky the wax. For example, at a temperature high or low enough

for the wax to be either liguid or_solid, only a emall retarding effect . .

would be oroduced whereae at 1n-betvaen temperaturea in uhich the wax is

1n a ouaai-soltd or tacky state, th; retarding effect would be larger,

The cooling effect of the balls on the wax was neglected since the balls

were nylon and have quite poor heast conducting properties,

It was noticed in attempting to duplicate the results obtained with
one of the waxes that the thlcknese of the wax coating was very critical,
Therefore a orocedure was adopted for casting reproducible coating thick-
nesses, This consisted of maqking off the edges of the gradient bar with
Scoteh Tane, and then with the gredient bar at a fairly uniform temperature
above the melting point of tﬁétﬁgx,\&fa masked-off area was coated with molten
wax by means of & heated smoothing‘gaét‘ The reproducibility of this procedure
as shown i$ the accompanying data in Figure 4 wss dependent on the constancy

of the temperature of the smoothing bar at the time of application.
RESULTS

In all of the curves in Fizures 3, L and 5 below, the distence
which the nylén balls rolled in centimeters was :subtracted from five
(arbitrarily choaen‘ao that a roll of 5 cm, or more would be considered zero
tack), and the resulting "tack number" plotted agelnet the temperature along

the path of roll on the gredient bar.

The curves in Flgure 3=z:and 3b were obtained with the 1/4" dlameter

balls on two waxes., In these curves no effort wss mede to control the smoothing
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béf teﬁperaturé aﬁd conéecuenfij the'wéx ééatings were not of egual

thickneses and the 3 curves for each wax, therefore, did not coincide.

—_ The-curves in-Figure L were obtained with the-1/2" diameter _ - -
nylon balls on the Socony Vacuum‘ZBOO wax. The 2,0 to 3,2 mi}. coat}ng

wae obtatned with the smoothing bar heated only slightly over the melting
point of the wax by means of a steam jet, The 1.2 to 1,5 mil. coating wss
obtained with an unheatgd smoothing bar, and the 2.8 to 3.6 mil. coating was
obtained with the smoothing bar heated far above the melting point of the

wax by mesne of & gas flame., All thicknescs measurements were made by means

of an Interchemicel thickness zage.

In Pigures 5a, 5b, 5¢, end 54, the coatingse reoreserted by all
the curvee were made with the smoothing bar held at as nearly a constant
temperature as nossible, ThisiﬁganQape by immersing the bar, a 1/4" diameter
rod, in the 188°F. thermoetat for ; subetantial interval prior to the
application of the costing. The coating thicknesses were azein determined

by an Interchkemicel thickness gage.

Besides the reterding effect data of the various waxes tested =&
reoresentad by the curves in Filoures 3, &, and 5, several other observations
were made. Thege observations are in reference to the effects of the rolling
ball on the wax costing, Three zeneral effects were noted and might be
nsed to establish an arbitrary demerkation betweer the ligquid stste, the solid
state, and the intermediste ouasi-ligquid -5011d stete. The effect in the
liquid state might betier be considered a lack of & permanent effect, In

other worde, the rolling ball in such cases left no permanert evidence on the

g,



Tkt v...“,en.ﬂ..h.ﬂ.h?‘ai.ﬂﬂﬁ e oA T e
5 . v

[l ¥ 3

L ]
o u.»:
S e

" -
- .
a
- T
e * ..rm.
[ TR
PR

- 1 X
STt D,

v w‘dﬁ.m, Ao lmaf
M‘,m. s}
e B e e

ity o
p

Ik Ty

¥

4, -
5 F e

b
:

L
g
"
]

1

G

e
3
-y

~r
Gy
R
35
\
AR

4
]

P

s

o
Ddds

Lo 3 FEF

e
Gk
e

X+
Py
g
w
)

e

5

e

LE

Fima
S
iy

3 0

1

1

F: -8

<

T
A
> h
:
’:{*
Y 17 1s

&

A

-
5
Fi

lzs"l

1

¥

[PPS
Ri¥,
“"u1
13
£
“
i

1
AL
+
i
1y

g

(%5

"}
Wy

4

e p P

F
;
M

o

[]
1

L
fs

)
-
AU
i
.-?»
1
3 oan

¥
-
A

k)

3
N

Ly

I
'

-

"
*

{1,

£

M e e T

Fx.

Eat

3 i

Rl B F103

v,

-

L

i

=T
¢
4 a

SLCTAY

Lo
Ta¥
Ca

7.

s

S

b o T
s ;_..w.mw.,mﬁ < o P
P ATy . * e wu.n._. -
" 5, 3 - %
ME Rl R el RERTRY D REINT RO EY
SR e *n b LR el B
[l UL E S T s P AELan = - e I
R N S N ﬁn\anvm‘. e mr.m..vn»m.mvﬁ
i ) s PTh 4 QT ot SRR e
!vvﬁiq.\._.";ﬂ .”..h-.\‘h;“ Twﬂ.w.ﬂ.rﬂ IS 1._.'L. . i wor., =
- .fs:..xmwvu N ..4._.,..9.,. R SUI Y [ P R P
- at - - 1 - " -
gt 2 ;LE bbbt g W S LB
Tl PSS U Wt = iy 1Y st = Rl H
BEUR Y P G W SR P I PN S ST
e R I I T T N vy -
%}hem.srﬁn B g R Tt S 4o -7y T u?u.u.u [ TN
w3 £l 1 fee ¥E7Y . LT e B g $ AT
: s lu Fiantroe Cl B8 SR I TR Rt MR o,
w.l;uwt,d Il jid . L,.‘:#. A e veg ¥ £ ut b
v TR T R g 3 E R el Y
e d 3 BTN R 7% R Lo P
S R A b A U g e
o~ . Y 3 Y - - ey
et [ L_f .ru.m_vm&.., ok ,_ﬁ.wﬂ 0 wmrm.f. .u.wa
=3 vk A Y PR L 7 T I
P DY SO, L) LIPS JCR0 L A S +© 3 S
o R )1 e LTRSS FAT ek o B 5 an
HER e 2 AN § T g [ ELRA O N g
Hida SRR el SRl | S LT
1 DGt ZH - = _ais k
o OIS ERCE I T ) Hat Yirk by -
Wt Mg rwd D
N CRLE N 1
ARl s m{um.wwm;
+ b1 o b LRATEEE S o eln
s Lu. i S Fm:_s £ it ,w.mw
=Pl e YT R 1

LR+

T g o

)
“<
-

R

-

R

LI

Ky Wk
('S

iy

W

o

%

=

3

+

e

3
i3

2

"

Tt i
q bl
by H
my fhn ETaTa
i lv\n.- ﬂln...

-

)

e

-;..L‘.l

~r

Vi

-

5

=

5

SRR PR i

.2 R al Iy Mo
A Yol -

_“. 1 ...Lﬂuum,_ b ..en.f...r;u..._..» .ﬂ..”wuf 4&.

5y 51 T e 1 T

' [P R FEEAEE  e q

EoRg:
ot

wﬁhe#
CARCAS
ek
Wh T gl Do
R Ly

T Ay, £ TP AT .ru.uy”
&J e gl
o

Mk
e

(Pt
e
S
n.%Mw Al I
AN B 5
Tl T o e .ﬂ,m.mwwan.% s

[ T

b

E Y I BT b

)
o
3 A, T ol

.




W T
<

-
S

ERGE

A

BT

*4

]

-

y T

L
+

3
-

r

.
"

o
et Thrn
- 2

+
7

=
3
5

-+ v

-.“3;"" T

ATy
s
2 F

b

I
1

H

T

vgﬁ

A

+ ¥
b

KA
)
KRN
H

G
i
A

n

55

1
I

re ey o
N

1

a2
winE

!

Fe,

Ty
o

+

X
+

3

?

S

'k

o

L A%

o

Aaay

4

.

:
TN

e
..Tu- ®
s
£ax
Sy

F
r
4

s

,

&
o

3

,'i

()
v
U
Hoar

Tk,

R
b3

e

e
[T
kD
b
i
=
.

he

oty
PR

3

H.ora
EL-J

a3
ALY
4

3 riy
W Ly it

T
)

ha

TE

5
L

At gl e p e A

LY P

frpt
A

B

¥

s
e
Attt

b

s b
n's 34

-

NG
G

R

—+t
]

]

£

15

!
£

opd:

7

L

%

s et S



Ein TR R Ty ey N - py o Py - - -
'v?‘.g_*;‘* TR T e SN ey BuT 4 Y A Tee £ e s T e MBI b N, s AT PG T Tt
RIS TR} AT RS | !}‘ el [V P , L i AR A Pk £
PRIy W M- A Latg - . [ M ~ [ :' . . . 0% £ L .
2 B . 3 . i
AR SO T . T o B - ‘ I AR Y Tl - 7
WX L ghwe r s " e o 4 P . 1 s T2 1 Y
o ale AT [ L D . [ 1 N . O . L
ELENE S R S TOF . e, St % -y L T
Tt Lov o Far e gy T T8 O i Yy e tan, T T2e T ; o - o
L L o 23053 e e -3 P . L e - N Easi ek = e s gl
S v H "&,_ :ﬁ: ““‘Ah"ﬂ‘é‘:r“ T dﬁ':ﬂlé L ot .l ":I;” T oo =0 LUV 3 o, - e I
LT Rl S V) LT N - e T ooy el ek L - AT N Yoot L -
Tt LR R T U T BRI T F : o3 P L 1] . A
A B SR I - 1 f 5
Pl S SMIEL A S TR o Cf : :
DNEs [S2 2000 . 5 s WY < gy, #e oy N “ ek s (= j"- bt n e
- ) 5 el e T P - e ¢ v, :
¥ommrd,n TS, e Toadrzalat o aTE T R B 1;‘1
o N ¥ F] 11_.; ,&ii I R RN R
P Fot o e PR i g-1s P
4 i i
s L hwholing, | G0 bi? o g B! %, s f 0 E h
iR SRS HEE ANV O e _.ﬁPj- Wt
PPy 5!,,3‘} e D 2 - =P - S e e v" -
S e Gl gt .
" IR DA I i am
LI TR A
Ty e ‘#,-'1-1-1'"‘ i T
e LI I
4 T -

TS A
\

3 Pare
- éﬁ_ o
-

S e
Py R
A S R T

=

bt a
.n‘ % 3 3 :»' “ !."" 3 :‘:é‘.ﬂ
fyrcsh ¥ E [ AN A h--ui; ‘rs{ M "ﬁt‘ i3
o 1:"?1 ot ._j-i"‘a-i}‘*l:" ‘} v ’lub.“- n}i#;r? - f*"‘t;i—!":! 4 ('};
2, A , R N M e A AT LT Vit P - o g
"e'?"r\-xa £ 1 PRt ’?,r‘ i “Jt f-'ﬂ‘h 5 ol -{“His“wi By 1 xE Tt ey 3 +3
U e T T AT s A T TE i A YR B AP m @ T gty b a g ¥ TR 3P T ke g VOORETIN oy Ap eln M
e ret] gl SR T SRR T AR TR b Fia o W-f‘f?‘;-“:si%“: cotabe Ay T s 1
AT L N AT Wikes Jlt "J"agu-. < siel, g'i’ P A LY 2 e Treh > Sl VT Yt
e ST ta M_?{%r i q{'«“‘*‘ ] .{?’_“} RN £y
SR A LTS D Y % PR LR Wl EoCul N Y Ea MR R "
; SR SIS Nt L ] sl o o L e T 18
Lkl 1t LR La 11 At a7 3 <
{:ﬁ Mty i e ;'J!}El";ﬂ;‘n‘:{": 3 TR el LA 4 F I EAR '31 T, ‘g:
ﬁ IR vy 2 g d PO SR - Y \-ir'ﬁ""";g" S I RS SR L . I TR RT L Pl e AE
Ui e Gt R o P N Y = ) P T SR S RS N T NS
%, ‘};7}. 5 ., Tt 4xa e Vg'@“!;'?" -);,a.l_g‘:ii.. e e U Iy (AR LW 3o 5
SRS gl T i | “ N S A i 1,
FL :f‘,:g shi Pt T Va8 T LB R R T o _u,i,,,; i Dby
Lo T, LI = AR A L *}»" ~fRK R R L, et ST gk Lt e gtk
g_.{c.,.n"; L.L‘:;:‘ e LN ﬁ”’-{{.‘i (RO e ,;‘;_lf'v,fi -ﬁ'%"f?; P T “ﬁ“:_"h??_. FUEE T z;tr
{‘h TR T g e ¥ L T F N B ot Sy YOS LTS3 BT SN A i
-t LAV ] e oy wpleetA Aoty e LA .Y LAE LR b 7}"_
e TR AT R AR i ﬂg;;'f* i Tt S ML IR Iy Do
B RN LS S ARG oo R e A ALY - SRR NEEP (i g e o
% ﬁﬁ,};, Lo e el e Tt o e U H o S R RS el \1;‘_:@.., )
- A = e N ] P 3 el koo o i
0 MO A1 :geﬁ sf;;ﬁa,._,;‘ St e ;*_;:«yﬁf,:? =0 cnmly gsfg..%}a‘.ﬁ-;.h Lo
] ] A x i = 4 = -
I 4 = T St & ot IR ) T
s h e R R b L R T B AN e
wE . 1 4 N [ 1. = =
“"'i‘:} :,;-,:;,;F"—; b i ",Ti(‘ fpal ﬁ“‘;q_ ¥ St “{L)'?c'-‘#’{"? {::.:{‘é";ié-_;;‘{;& t;’f'é""%
[N o I B 1 et o M . “fad ¥ 2% ot ALY
. - pre by 1] e Bedd it Laddepdes T e F . e - -
N BTN -H«E;:: e ‘F“‘-;::_l? -;—t !}.‘,“J _E’?;‘ i"r.:? 5"'4:1::‘ j ’J:‘_’:‘G‘.J_ !2_;]_!.1-3,' "Eial“\-‘ 173 K
: IS ARTEEE M Rt L1 O Rt It By LS STt NG I T
s - -3 % adnr T I N LA I e Ny BT
g P T L So Rt g pir £ W ET ARl -‘k“ﬁ.
JorbeTon !"'f."rﬁ;r :-?{L 2 ':’;%?_g{f_" A, 2 *!?‘.';:3:‘5; 4?.&5;.7'{; [N
S AR R T VG LRV S ¢ iz vy YT T Fd S LS P
e el et S b L P e i S £
3

La

<3
%
JYAE
1
S
4
tyes
i

M= Rt s S0 14 e S+ A8 Engit
abe EEAE NS0 e S
bl CEAEN S AT ) ]
Pyd URSE T RS =
8,15 TS Falelob S ol £33
FEEEN P 3 ‘41-5 X
*f’z Rtk o ';;‘?""U‘f‘ =¥,
5 - by
o X Freon i rely
g Rl .
EaE K
rys K A
7~ x A Ao s
F, = R ~45§- e s
- - B P = 3
qu o .-_!' - tﬂle M B
B e P RS PR -
. R oy M ol 1
AT S N B e rtCl L S L ey R ) I
: T e
- 3 L -
AN i T R i
R . i
CEOR Try de CEFelNT
[ e iy .
T r.s - b3 r
1w 1'5_'.1 o L—!—r'ﬁﬁ ,,f Y "
LFVEL S (A N 2 s |
P " e
e A i
e -
Fiata A l’;'i“ - ‘ '
L g gt M by - .
i :irT:. and ] S b,-.-‘f*._.:y [
. IR IS R Y R N -
¢ S R ot R TR T TV e & I
; s e A AN rer e Il M
¥ 2R ] oy
§ . s =1 i N e Pori s Y im e
£ 4 £t ' FECRAE| B ¥ B A ATt W Ly St ST -
ER, o o Lad e 7 Sk v o B8 ok MEE T Rl 5
g, s 7 JEtge fh S Y L:“f“"! - SO ..p,-i»- B3 S il AT A 3
T JE bies DCT ARG 21 ML I < Ly PR i H*‘r\:“' . &
e ¥ 5T Py EPEY s = 7 PR v B o
:1_" N ‘-.::\{ ,-‘;g‘q '{‘:f‘_'z;?. _\_:_'9‘_;1' . W “‘- \ k
AL MR P _,‘__ﬁ_%h& AR et i - 3
cln i i FATN I ) g PRI, S BT
it g ToSUS KTy N L T o SR, PNl
4 Frsfom 3t [oENAC] IR ETE S Y Epwra st Mokt ST guss ) E
¥ A - g . - - PN
3 e At A :n:{_ JIRETa /T L IS T e
=5, ;n i P LY 1”0 ’“31" i o S )
4 2130951050 2120 Srnld SR
o s Lo R R 3 ‘:}“ﬁ:‘;‘ 1
< R s
oy g "“;‘?*
]
5 T SR
e b 4},’6": R
S CWTES .
5t T e
‘S“iﬁ;' ’5::“;, N i
& = g v
ciogt

,
Y
3

e

L}{’E I , N

- iy o

A a
o T b

Tl Dy
RO T
B T L e
P RNESR LI Y
L A




Ee S N

ae T Ty 1"‘;.

E -

sargd bt T a¥
e, o ""n}ﬁf'»‘,‘

Lopdear

vE ey

N TR P Ea g T TS
TR RS L e
Ll § TS

™

30t b
LR
o

el

=T

2 PN IT at
Gt g T B,
) M

Ry

3 e

4
e T

n__.
ews |
i

LI ER!

-
e
e

27 he
L1 v

[y o

al

wl

g

T .
11

syt o)
o]

B Ml
R i o
K ""’:“’;‘

S
e

o

o sem
LAE
.

‘%\}}vr
e

s

W, "

AT

TR
ol

N

B

iy
“ I~ Lot

I

ERCHT,
al A Bl
RS A Vb

9

)

URa?
N

4

e gyn

f‘ T
4
Seipd

.
Gk

ede TN
B

el

E o
Gonzr
T4 %W
- “-‘4
23 Ve
yved i

‘
-t

4]
T

. wa
o
I
2

s
e

a gtk
Ty
S

3
3
3
oo
et

Ar
g

F oy
EY

£

i

;&

.i"{‘.

#

ié ~

‘

P L Mt
4 4-,;“%‘.};1-,_1:-.& e
-, e

s

,uf’ ol

ol
WY e
T f,

v
1

E e
“‘%a_

pers

i
L3

Y LA A A
R
poo A Sk
) - ~ &

R

b

B e s el i

et

A
[
v
]
ior

Cl

0
2
14

o
T a

i A
LARC
FRAT
L
.

R et

P
heysy §
u-; ’
Sl A

+

o

-y

5T

S S

T 5 he
p

T b
v

1
!
¥
1
i

T e
- b,
b i)

T

b+

:

"

-J‘A

H

rerd
4

i
] A
M

PRt

tima
g

st

fayt
Lt

PR

i

e

£t el

Py
win
bt
o
L3

,
%

(Y
PR
"
1ok

O a}n
e

[ SV
1

s

1t S et T4

et

il

e pran
o
f:

b o

1

*
b

~
)

pe
G T s

1
sige VT
WY
: £ 232
ot v
!
a2
ey
%
L

h

e L)
g
e
+

,
P
ar eyl

o
’.‘.’ .
-,

+

]

R

I

I

hy
ke

AT
A Balig:)
-

v
o § dbn i

ey "Y"L‘:ir
1 pd
ed i
Ty
«‘\ TIY:
VI
s

s

*
it
W

T

W

vt

av ¢»"'\-:i|£l'n'

FA% s

r

iy .
F 2ty oy

For

i
v .
e i

v
v

1
I
1

R
B
s
“ﬂﬂ_

iy
-."
ks

N

e ¥,
A
a

51mh“
L
"r‘"\ 49
Si{um
e vy

-.
<

3 !(,
A

W5

]

1

i
i

3

ANy

.
A

oy
5
,

3
A
&
A

R

o e

b

RSP,
PRSI

1,

i
et
il

.
o

Py

3
R ;:J-
NJ:,:;,{
%
e

&

-
Rl

(]

g

>
"y

Iy
'

.

- ?H

B

-

e

s b
Tt i

g

{
- e

.
o
’ 1
ac

h
=T

F

SLANTES

Y
iy
i

o
E¥

rr
e

v =¢,j“' 5

w1
b

ey bty

jud

amy— Vo

s

r

1
o«

v

A Y
£
£ gy
L
u i"s;v,'.*

b1

b

e,

i
:
b

AN

-
=2
o
i

ta.
b

i g
+
-

k

o

e
b

b bs
wa TEo
A &
e

1.
A a

¥ %

-

b
Y

]

e

b
i

2

‘}h'l

i

i
5

it

e

e

&

Ny 1]

4

1

[?1 by
-y
Tt

o
Ve

5
s ‘d‘ =
L -;I‘LI,

[

s
g2

P e
e

¥ =5
e
e

it
Zh S
ﬁ%#";%m}"
& g
AT R

Sk i
1L ,..1'5-,.'

1 ¥,

o e

T %

5

/*;';55;*1

T
iy B

=ty
1% B

ré.

e

b

)
L .
o o el
AP Y

i i#’.';; S

1
At T R

¥
* i‘:}
.ﬁ'ﬁ;*t

o

w1l b

vu o, G-



o _Project 1102-10
AR S 1 March 31, -1952
n Page 17

wax gurfaée; In the solid state the effect was a furrow in the wax for
- » .:tr; +

only part of its travel and a dull line or trace for the remainder with

a sharp line of demarkation betweeﬁ“%he end of the furrow and the beginning
of the trace. In the region between these states the furrow in the wax
surface extended the entire length of ball travel, In all cases wﬁere_ai

furrow was msde its devoth was down to the chrome plated wax casting surfzace.
DISCUSSION OF RESULTS

It anpears that the method employed above produces resulte which
are not reproducible, although the reproducibility varies from ome wax to
- another; Magnowax Brown being the best and Bultiwax W-835 the poorest.
The vrincival reason for the lack of revroducibility is the depending of
the test on wex film thickness, O:her factors which might be at least
partly responsidle prd variéfignQXEE‘EE? amount of kinetic epergy imparted
to the ball s a result of the ralea;e m;chanism {see Avvendix A), forelgn
material or lumps on the surface of the wax, slight varlations in the tempera-
ture of the wax from the calibration curve for the gradient bar as a resuli of
local cooling by convection currents, etc., and snowballing or building up
of wairon the ball after traveling a distance more than the circumference of
the ball, The effect of veriation of weight from ball to bell was eliminated
28 a vossible reason for lack of reproducibility by running curves in

Figure 5 with only one ball which was wached in hentane after each roll.

This method of rolling a ball over 2 tacky surfece and measuring
the energy absorbing capacity of the surface is used in the vressure sensi-

tive adhesive tape fleld for messuring.the tack of these adhesives. .A more
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direct and perhaps more flexible and more reproducidble method might

2
be to use a procedure described by Busse, Lambert, and Verderyl’in

which a solid surface 1s brought into contact with the tacky material

by means of drive mechanism which provides positive contact over a - ST

regulated time interval and a positive withdrawal. The resistance to

"separation is messured =28 tack, This test was designed for measuring the

tack of GR-5 rubber.

Another test which might be avplicable to microcrystalline wax
is similar to the above test excevt that it 1s used for printing ink where
the wettability of the 1nk for the separating surfaces is not a factor,
This test measures primarily the flow characteristics of the ink and was
designed by Green3 as a replacement for the old subjective "finger tab out”
test by whicﬁ the finger is pressed upon a thin film of the tacky material

then withdrawn suddenly.

Ty

Bugse, Lambert ard Verdery's test would be avplicadle for micro-
crystalline waxes only in the case cited in the introduction in whick contzct
is established at the same termerasture as the "apparent adhesion" is measured.
Green's test on the other hand would be apvlicable in both csses; the one just
mentioned and also the one in which contact is made at one temperature and
meagurement of "apnarert adhbesion" at another temperature, However, there zre
better tests which might be used for the latter case, Thece are etrivving
tests of which many'are described in the literature and the reason they might

be considered better is that they more closely resemble actual use conditions.

e

1. W, ¥, Bugse, J, M. lambert and R, B. Verdery "Tackiness of GR-S and other
Elastomes", J. App. Phys., 17, 376-385(1946)

2. J. M, Lambert and R. A. McDonald, Rev. Sci, Imst., 19 (1948)119.
3. E, Green. Ind., Eng. Chem., Anal. Ed., 13 (1941)632,-

rbg/geh
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TRANSPARINT IZ ING OF PAPER

The nossible uce of epoxy resins for transparentizing of naner was

"investizated.

For the initial tests the treating solution consisted of:

Araldite ¥o. 102 15 parts (by wt.)
Hardner No. 951 1 part (by wt.)

Regular lamshade stock and an absorbent saturating stock were tested

by a float-dip »nrocess and by a vacuum impreznation.

The viscosity was toa high to allow penetration into the machine-
finished dense lampshade stock, However, the absorbeat paver was impregnated

by the vacunm treatment.

The resin irpregnated steets were cured overaizht at room temmerature.

The fully imoreznated sheet was fairly transparent.

This idea ampvears to have vossible value for use for larmshades,

envelovne windows, and pac'azing anplications.

fv/zeh
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HYGROEXPANSIVITY

This report covers part of the work in a study of means of reducing
the hygroexpansivity of paper, Resorcinol was used as a resin forming chemical
capable of entering the amorphous portiorn of the cellulose molecule, 1t was

reacted with formaldehyde using para-toluene sulphonic acid as a catalyst,

Handsheets were prepared by disintegrating beaten (450 C.S, freeness) and
dewatered St. Mary's Kraft pulp with a Williams disintegrator until free of
knots, This took about 20 mimites, The consistency of the wet pulp was 27,89%
and 163,2 grams were diluted with 8937 grams of demineralized water, and 910
grams of this stock wore used per ahee't.-" The sheete were made on an 8-1/2 by
8-1/2 inch recirculating handsheet mold, The wet sheetswere pressed at 65 p.s.i.
for 3 mirutes then dried for 10 mimutes at about 215°F, Some of these sheets
were used for the following treatments and some of the untreated sheetswere used

as controls, One set of ccntrols was treated with formaldehyde but without

the resorcincl,

Treating With Resorcinol

The following standard procedure was used in treating a mumber of the
sheets, (1) The raw vélight of each sheet was determined. (2) Resorcinol was
diesolved in alcchol in various percentages. (3) Specific gravity of the re-
sorcinol.alcollml solution was noted, (4) The sheets were dipped in the resorcinol

solution and drained for 15 seconds, (5) The wet weight was obtained. (6) The

THE INSTITUTE OF PAPER CHEMISTRY
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sheets were allowed to air dry in a hocd, (7) After the air drying the

sheets were treated with formaldehyde. (8) The sheeta wers treated with para~

- toluene sulphonic acid in-water solution to give approximately 1/2 per -cent

_ on_the amount of resorcinel. Another procedure used for treating with re-

screinol was to make up a mixture 25 grams resorcinol, 400 grams of 37 per cent
commercial formaldehyde, 8,65 grams of para-toluene sulphonic acid and 425

grams of water, A number of sheets were dipped in thia and then dried as before,
This mixture tends to gel in a couple of hours so the treatment was done immediately
after the mixture was made, Several modifications of the formaldehyde proce=
dure were tried, and the following appeared to work the .beat, About 500 ml, of
commercial formaldehyde were placed in a liter round bottom flask with a ainglé
hole stopper. The flask was heated with & bunsen burner, A glags tube led

to the bottom of a 2 liter glasy graduate in which the aheet of paper was placed
in a form of a eylinder. A -e;$l acreen vas used to eupport the sheet of paper
above the bottom of the cylinder to prevent it from becoming too wet, The vapors
from the formaldehyde were passed inte this large cylinder through a glass tube
axtending to the bottom afatwo liter graduate. The excess vapor was absorbed

in an erlenmeyer flask containing a solution of sodium thicgulfate $o pick ub the
excess formaldehyde, Approximately 5 minutes of boiling wvas used inach case

to cbtain formaldehyde for treating of the sheets. Table I givea the treatment
used with the standard procedure, Table Il gives the treatment used with the
mixture of resorcinol, formaldehyde and catalyst, The sheets vefesnnt to the
bumidity ro~m for tésting for basis weight, caliper, wet and dry tensile, and
hygroexpansivity on the Neenah instrument, The results ¢f the basis weigﬁt,

caliper, wet and dry tensile are glven in Table III, The results of the

hygroexpansivity will be reported when they are finished,
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Baw wt.
5.24
5.30
5.30
B79
5.22
5.05
4,55
b, 32
4,49
4.39
4,55
5.12
4,90
4,85
4,62

Handsheets 8-1/2 x 8-1/2 inches,

treatment,

para-tuluene sulphonie acid,

(St.

9.90
10.75

. 10,72

9.70
10,20

9.68

9.15
9.05

9.02

9.09
8.80
9.19
9.10
9.88
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TABLE 1
_‘RESORCI NOL TREATHENT OF HANDSHEETS* . .
Mary'a Unbleached Kraft 450 C.S5.)

Reaorcinol Solution Pickﬁp -N.“Catalysé'*
8. & $ solids $(eolid on fiver) gfliter ml, Applir
. 860 15 13.3 _ 2,5 3.1
.860 15 15,4 2,5 3.6
.863 15 15.3 2,5 3.5
.82 5 5.1 | 25 11
824 5 4,7 .25 11
S24 ‘ 5 4.5 +25 11

815 2 2.0 .25 4
85 ~ 2 2.2 .25 4
.815 T 2,0 .25 N
.812 .67 .70 .025 13
.812 .67 .61 025 13
.812 .67 .52 .025 i3
.810 33 .28 .025 L. 4
.810 .33 4 .025 8.8
.810 .33 .31 .025 8.8

. 9.22

Vet Wt.

-

Treated with formaldehyde vapor after resorcinol

Applied by apraying water solution.
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TABLE Il !

TERATMENT OF HANDSHERTS VITH RESORCINOL FOEMALIRHYDR AND CATALYST MIXTUEE®*
(St._Mary unbleached kraft 450 C.S. )

Ho. - Rav Wt. - Wet Wt, - - Dry Wt.- Pickup, -$ (fiver basis)
1020-32=-1 4,87 14,31 5.31 9.3
1020=-32-2 4,92 14,30 5.1 7.9
1020-32-3 4,89 13.83 5.25 7.3
1020=32-4 T 8,73 13.42 5.10 7.8
1020=32-6 4,40 12,70 4,85 10.2

Note: 8-1/2 x 8-1/2 handsheets dipped in the resorcinol mixture

* Pormla
25 g. Resorcinol
400 g, Formaldehyde (374)
8,65 g. para-toluene sulphonic acid
425 g, water

PABLE II

EVALUATION OF HANDSHEE?S ERSCRCINOL TREATMENT

- Ienaile
Treatment®* Code Basis W¢, Caliper Dry Wet»*
Control none 151590 7?7.7 .0084 27.6 1,0
Alcohol and
formaldehyde _151591 76.1 .0086 21,5 1.1b
1/2 151592 76.8 .0086 22.7 4.9
5 151593 83.7 .0091 30.9 11.9
15 151594 100.1 .0107 25.b4 28,7

* Per cent resorcinol - fiber basis

*+ 16 hour soaek

Tested at 50% R.H., 73°F.

The averaze of only five determirations instead cof tem

fv/ax
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Further tests will be conducted along this line, possibly treating tﬁe::fiﬁég; e
.. L ' P Y .

s

in the anhydrous state and also in the wt state, then subsequently treating

with formaldehyde and catalysts and curing the sheets., We will also tryto

cure the *esorcinol in the flber before sheetmaking. using formaldehyde and

catalyst., T B
HYGROEXPANSIVITY OF RESORCINCL TREATED PAPER
Eygroexpansivity, %
Treatment* Code Changes from Change from
65+50% R.H. 65-33% R.H,
Max, Min, Ave, ** Max, Min., Ave,**
Control none 151 599 180 174 (177 .352 .332 .38
Alcohol and formaldehyde 151 591 JA76 162 169 LI48 324,335
1/2 151 592 .22 ,178 200 470 L35k 394
R e
5 151 593 .10 ,132 .135 .282 ,266 274

15 ' 151 594 ,092 066 ,080 L2046 130 .173

* Per cent resorcinol - fiber basis

** jAverage of three determinations

fv/ak
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HYGROEXPANSIVITY

This report covers the results of tone hygroexpansivity tests on the sheets
treated with resorcinol, formaldehyde vapor and finally with a catalyst, The tests
on the sheets treated with the mixture of resorcirol, formaldehyde and catalyst -
are still under way, and will be reported wbe: they are available, The sheets
tested aré described in Project Report Ho, 1l1. The tests were performed on the
Neenah expanismeter in two different ranges. One from %55 to 50% relative humidity,
and the othef from 65% to 33% relative humidity. The specimens were conditioned to
relative humidities of 50% and 86% respectively for obtaining expansivity values
presented in this report. The values sheown represent single determinations on
different sheets. The average of the tests on three sheets are then shown. The
results appeared to indicete that the treatment must be up in the range of 5 to
15% before any real reduction in hygroexpansivity is expected. At .5% résorcinol
based upon the fiber, tne results were actually pocrer than with the control sheets,
With 5% there was an appreciable drop in hyzrcexpansivity, and with 15% the results
are better than one half of the hygroexpansivity of the control sheet, The work
with the wet tensile strengths indicates that a goodly percentage'of the normal
fiber to fiber bonding has been replaced by some form of a resin type of bonding,
gince the wet strength was very great, It is hoped that we can trace this down
still further by trying to get the resorcinol into the fiber prior to the sheets

making operation in order to assure the location of the resorcinol within the fiber,

THE INSTITUTE OF PAPER CHEMISTRY
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EYGROEXPANSIVITY

This report covers part of the work in a preliminary study of
means of redncing the hygroexpansivity of p;per. Resorcinol was used as
a resin forming chemical, selected for the possibility of being capable
of entering the emorphous portion of the cellulose molecule. It was
reacted with formaldehyde using paratoluene sulfonic acid as a catalyst.
St. Mary's southern kraft pulp (unbleached) was beaten to a 450 c.s.
freeness. Handsheets were made as described in Report Fo. 11. The
treatment of these sheets with a resorcinol solution containing formaldehyde
and paratoluene sulfonic acid is described in Report No. 11. These
sheets were tested for basis welght, caliper, hygroexpansivity, and wet

and dry tensile. The results obtained are shown in Table I.

The resulis appear to be quite comparable to those obtained

| by edding the resorcinol and the formaldehyde treatments separately.
Apparently we have not differentiated as to the location of the resin in
the sheets. There appears to be a rather wide variation between the
minismum and maximum wet tensile, indicating that the treatment was not
too uniform. The ve; tensile was not quite as high ae with previous
treatment, but was still appreciable amounting to approximately 23% of
the dry tensile. The resin picknp ranged from 7.3 %o 10.2% of the fiber

weight. TFurther work is contemplated with the aim of trying to get more

B
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of the resin into the fiber by having the fiber in a more open or -

expanded form at the time of introduction of the resorcinol.

TABLE I

USE OF RESORCINOL TO CONTROL HYGROEXPANSIVITY OF PAPER
(Use of a Single Dip Method)

Hygroexpansivity
Change Change
Basie Wt. from from Schopper Tensile
Resin 1b. Caliper  65-50%  65-33% 1b./inch
Code No. € (25x40/500) inch R.H. R.H. Dry - Wet
1162-32-1 9.2 82.3 .0091 0.106 0.218 Max. 30.0 17.8
1162-32-2 9.9 83.1 .0089 0.084 0.182 Min. 24,7 2.5
1162-32-4 7.8 79.5 .0088 0.086 0.172
| 1162-32-5 9.2  79.0 . 0087 0.100 0.204

1162-32-6 10.2 75.3 .0081 0.080 0.172

Av. 8.9 80.2 .0088 0.092 ¢.190

Dictaphone fv/4dl
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FLAME RESISTANT TREATMENTS FOR PAFER WITH DIETHANOL
- : : AMINE PHOSPHATE AND TRIS BEETA CHLOROETHYL PHOSPHATE

INTRODUCTION

Samples of tris beta chloroethyl phosphate and diethancl
amine phosphate were received from the Mathieson Chemical Corporation
to be considered as possible flameproofing agents for paper. No
suggestions for application to the paper or technical literature accompanied
the samples., All correspondence dealing with the samples is found in the ‘
letters dated April 30, 1954, April 8, 1954, and March 22, 1954 with the

Mathieson Chemical Corporation.
MATERIALS AND METHODS

The base sheet for impregnation was the kraft flame resistant
base stock from the International Paper Company. It has a basis weight

of 31,7 (24 x 36/500). [See Project 1742].

The flame resistance test methods and apparatus are those

utilized for Project 1742, They are as follows:

A wooden test cabinet 12 inches wide, 12 inches deep, and
30 inches high was con;tructed inside a draftproof hood. The cabinet
front is prdvided with a sliding glass door, and the top is constructed
with a hooded opening 8 inches in diameter. The cabinet is equipped

with a Bunsen burner and a pilot light.

FORM 73 THE INSTITUTE OF PAPER CHEMISTRY
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The specimen being tested (a strip of paper 12 inches by
' 2-1/2 inches) is supported vertically above the Bunsen burner by means
of a e¢lamp which covers the upper 0.5 inch of the specimen. Steel
clips, 0.25 inches wide, extend down the slides of the specimen to prevent
curling away from the flame, The lower edge of the specimen is adjusted
to 0.75 inches above the top of the burner which produces a flame height
of 1.5 inches with the air supply completely shut off., A flame is
applied to the lower edge of the specimen for 12 seconds and then shut

off. Afterglame and afterglow time are noted,

The one-minute leach test consists of immersing the treated
paper in running tap water (rate of flow 4:'31 liters per hour) for one
minute, The sgspecimens are held in the water current by means of paper

¢lips to assure exposure of all surfaces,

Solutions of known concentration of the samples in appropriate
solvents were prepared and used for impregnation, Impregnation was
accomplished by dipping 5 preweighed sheets into the solution and passing
the sheets through squeeze rolls to remove the excess, The sheets wers
rewelghed and wet pickup wzs determined. PFrom this data add-on was
caleulated as a percentage of the raw welght of the paper., The specimens
were dried on a drum drier for 15 minutes at 230° F, and subjected to

the flame resistance test 15 ~ 30 minutes after removal from the drier.
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Diethanol amine phosphate was found to be miscible with water

and a 30% solution was prepared and used for impregnation,

Juccegsive

solutions for impregnatiocn were prepared by dilution of the above

solution to a lower solids content,

flame resistance at various add-ons,

Table I shows the amount of initial

TABLE I
Add-on Char Length, Inches * |
25 Sl b (0}
24 - L, (o)
18 5 (0)
14 10-3/4 (4)
9 12 (5}

* Figures in parentheses indicate the number of specimens out
of five which burned completely.

For convenlence of tabulation and the computation of averages,

12 inches (the length of the sheet) was used when the sheet

had burned completely.

As indicated by the table, adequate flame resistance will result
in the range of an 18% add-on., No afterglow or afterglame was noted for
any of the specimens. Ko noticeable deterioration of the physical

properties of the paper was noted.

A one-minute leach was carried out on the specimens showing
an Qdd—on of 25% with the result that all flame resistance was lost

during leaching. .
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It was considdred that a durable treatment could be
777 "aecomplished by the-addition of appropriate -agents which would react _
. . with one of the active groups of the sample (pogsibly the aleohol or
amine) and thereby insolubilize it with respect to water, Therefore
formaldehyde was added to the impregnation solution and a 15 minute
cure at 300° F. followed initial drying of the samples in an effort
to permanentize the treatment. No leach resistance resulted. Further
efforts to permanentize the treatment were not carried out since
adequate diethanol amine phosphate was not available to evaluate the

possibilities further,

Tris Beta Chloroethyl Phosphate:

Tris beta chlorcethyl phospﬁ;:é“was found to be immiscible
with water, slightly miscible with carbon tetrachloride with cloudiness,
and miscible with methyl ethyl ketone, A solution of tris beta
chloroethyl phosphate in methyl sthyl ketone was prepared and used
for impregnation, No initial flame resistance resulted with an add-on
in the range of 50%, but a2 lower rate of burning appeared. However,

in view of the large add-on further treatments were not considered.

bj/mk




