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ABSTR&CT: The purpose of this thesis is to comrare
the conductivities of severel solutions now in use in
producing electroconductive psper. The testing proce-
dure involved the use of & Kiethly 610 B electrometer
with two sluminum discs for conductence through the
sheet gnd two brass strips for conductance across the
sheet. Attempts were mede to Improve the conductence
of the solution by the eddition of surfsesce egents in
the bellef thet this would lesd to better dispersion
and thus to better film continuity. No effective
method was found to improve the conductivity of =
solution of given concentrstlon. Increesing the con-
centretion from 10% to 30% however did give substential

improvements in conductivity.



HISTORICAL BACKGROUND: The copying processes for

office use hegen to meke thelr sppeerance 1n the early
1980's. The early processes were generelly photographic
in neture, relylng on a positive and & negative paper.
Later processes were developed and named "dry" processes
becsuse there was no need to use chemicel solutions in
the copying machine. Included in the dry processes are
Thermofax, Xerogrephy, and Electrofax.

The Electrofex process involves the use cf & ZnO
cceting on one side of the sheet. This costing 1is
chsrged with static electricity end exposed to the orig-
inel by use of = lens system. When dsrk srees occur on
the original, e.g. tyre or letters, no light will strike
the cherged sheet. Areuas of the sheet that sre exposed
to 1light will dissinate their charge while unexposed
areas will reteln their charge. These chsrged ereas
will attrect the toner psrticles which sre fused or
dried &nd the copy 1s completed.

The removel of the cherge from the light exposed
sress 1ls & fundementel step of the process. The
mechanism involved is the light relessing the charge
from the Zn0O partlcles that it strikes and the cherge
belng removed by treveling through the resin layer

which serves &#s s binder for the ZnO. The composition



of this resin layer plsys s very importent role in the
quality end speed of the copying process,

Most (1) hss pointed out thet e resin binder used
with C4S or Zn0O should not resct chemicelly with it
end elso the resin should properly'wet and disperse the
oxlde psrticles. He notes that too much work put 1into
the system to wet the psrticles will result in loss of
photoconductive properties of the Zn0O. Also, sometimes
a mixture of resins will work much better then & single
resin. Useful resins include polystyrenes, silicons,
acrylic snd methocrylic esters, chlorinsted rubber,
vinyl polymers end copolymers, cellulose esters snd
ethers snd elkyds. Resins with strong nolsesr groups,
e.g. cerbexyl, chloride, etc. gre preferred.

Levene (2) ststes thet five desiraeble chesrscteris-
tics of electrophotogrephic peper gre: 1. Better
electrofex sensitivity 2. Whiter sheet 3. Smoothness
end wrinkle resistsnce improvements 4. Immunity to
humidity effects 5. Consistsnt performence. These
five zress are necessery for the peper to match the
future speed of the electrophotographic processes,

Some work hes been done in the sres of humidity
eftects by Fird end Vesurio (3). They resched the con-

clusion thet humidity effects sre dependent on the type



of binder used with the ZnO. The best type of binder

of’ those which they tested wss & vinyl benzene quaternary
ammonium polymer compound. It exhibited the best con-
ductivity with the leest chsnge due to humidity. KC1

was tested but showed poor results below 60% R.H.

Cerbon or metellic perticles introduced during or
&3 & subseyguent coeting were effective in reducing the
resistence cf the sheet, even at low humidity. Also
suggested wes trying to improve the conductivity by the
addition of & more hygroscopic mesteriel then cellulose
in the paper. But &t high humidities, these showed =
tendency to soften the sheet so much e¢s to mgke it
unusable.

Heyek (4) hes pointed out thet entistetics sre
used in the textile industiry =snd msy be usable on peper.
He cleims that the sction of an antistatic agent is tre
sgme as that of & conductive egent. They both probebly
work on the seme principle of adsorption of weter by
the antistetic sgent on the surfeace of the fiber. This
is born out by the dependence cf the effectiveness of
entistatic agents on R.H.

The work of my thesis will be in the &rec of the
resin binder. It will concentrete on the sddition of

both surfeace ngents end conductive ggents in &n effort



to accomplish two objectives. First to increase the
conductance of the resin lsyer and second to keep vsrie-
tion in conductance due to humidity effects &s minimal

as possible,



EXPERIMENTAL DESLIGN: The psper stock used as & coeting
bese was cut into 8 inch by 10 inch grein long sheets.
All costings were spplied to the felt side.

Tne costings were messured 1in grsduates snd the
necessary dilutions end sdditions csrefully mesasured
out.. Any bubbles formed from entrepped sir while mixing
were allowed to rise out. Mixing wes sccomplished by
inverting the greduste flve or six times.

A smell emount, ebout 10 ml., of the coeting mixture
wes poured on the top of the sheet esnd a drew down wss
mede using either e number 2 or & number 11 rod.

The ssmples were conditioned by ellowing them to
stend overnight in & constant temperesture snd humidity
room. The condition here provided for 50% relstive
humidity.

These ssmples were then tested for the amount of
resistsnce offered to electric current both through the
sheet &nd scross the sheet. The resistence through
the sheet w:s messured using two aluminum discs esch
4.90 square inches in ares. A flve kilogrsesm mess wes
used to provide for constent force on the discs. The
mee surements were teken with a Kiethly 610 B electrometer.

The scross the sheet resistsnce was messured using

two brass strips one inch long &end parellel to ecch



other one inch apsrt. This provided for the messure-
ment of resistaence of one syuare inch of the coated
surface. Values were sgaln mecsured with s Kiethly
610 B.

The semples were then left ovérnight in & chamber
which was 20% relstive humidity. The humidity wes
controlled by & ssturated solution of potsssium scetste
end circulation wes provided with a low speed fan.

Measurements of both across and through resistance

were teken using the same gppearatus.



RESULTS AND CONCLUS10ONS: The first agent to be tested
was Tamol 850 at both 30% and 10% solids. Also tested
was Celgon 261 st 40% snd 10% solids. The date 1s pre-
sented in Tsble I. Severel important polnts can be ex-
pressed from the sbove dats. The first of these 1s the
dependence of resistsnce on humidity. Much less resist-
ance wes encountered st 50% then at 20%. This 1s due

to the extra weter sdsorbed 1n the sheet at the higher
humidity eiding in cserrying the current thrcugh the
psper.

Another observstion 1s 1n the very lerge dependence
of resistance on the concentration of the conductive
egent. For both Calgon 221 &nd Tamol 850, the resist-
ences were much higher at 10% sollds thsn in the more
concentrated form. Thils 1s probsbly due to the dilution
of the ggent interfering with the conductive mechanism
of the sagent.

Another effect exhibited 1s the dependence of the
low solids mixture on the drew down rod number. This
effect wes not observed for the higher solids. This
serves g8 further evidence for the concentrstion playing
en lmrortant role s the number 11 rod spplies & thicker
coeting on the sheet then does the number 3 rod, end

the resistances were lower for the number 11 rod ssmples.



There 1s not enough evidence to say whether or not the
resistence hed any special correlstion to rod number
and humidity.

The next step of the procedure wes trying to &dd
sgents to a 10% solution of Cslgon 261. The dsta
collected from these trials 1is presented in Table II.
All samples used in compiling Tsble II were prepsared
using & number 11 rod. The most interesting observation
to meke here 1is thst sll of the sgents used increesed
the resistence instesd of lowering it. This is further
evidence thet dilution of the conductive solution only
hampers the conductive mechanism of it. Table III
shows the resistsnces obtsined from a costing composed
of 5% Calgon 2A1 end 5% Tamol 850. The resistesnce
values sre higher thsn the resistsnces obtsined from
mixtures of only Calgon 261 &nd weter or Tamol 850 &nd
water. Again, this is evidence thst dilution of the
sgents only hinders their operstion. Also suggested
by the dets of Teble III 1s thet the mechanism of the
Calgon end Tamol mey be different. This 1s further
born out when it is considered that when the two solu-
tions of 10% esch were sdded together, & pesty pre-
cipitate wss formed. It is gulte surprising thet

the resultsnt resistences csme out roughly in the



same area as other solutions.

From my work, I heve concluded seversl points.
First of these 1s thet humidity hes sn effect on the
conductance of thLe resin layer. Second is the strong
dependence of conductence on the cohcentretion end
esmount of the conductive agent present in the sheet.
This 1s shown by the dependence on rod number and

concentrastion.



Calgon 261
40% Solids

3 rod

11 rod
10% Solids

3 rod

11 rod

Temol 800
30% Sclids
3 rod
11 rod
10% Solids
3 rod

11 rod

-10~-

Through

TABLE I
50% R.H.
Surfsece
.043 5.7
.042 6.5
2.9 5.9
.85 2.0
.44 5.6
) 6.8
31.5 7.0
15.0 2.8

A1l velues x lO8 ohms

20% R.H.
Surfece Through
.085 13
.080 7.3
4.3 17
1.7 1.3
3.0 21
5.0 28
74 5.0
16 7.3



-11-

TABLE II
50% R.H.
Surface Through

Calgon 10% .85 2.0
+ Sodlum Glycolsate 1.7 .92
+ Isopropanol 2.0 5.3
+ Plurefac B-26 1@ 2.9
+ Plurionic P-123 1.9 1.8

All velues x 108 ohms

20% R.H.
Surface Through
1.7 1.3
4.7 4,4
3.5 7.0
2.5 3.A
4,6 3.8



Celgon (5%) + Tamol (5%)

3 rod

11 rod

Bese Sheet

Surfsce

95 x 108
10.5 x 108

1.75 x 1011

-12-

TABLE I1I

Through

5.0 x 108

3.8 x 108

4.4 x 109

Surfeace

35 x 108
4,92 x 108
132 x 1011

Through

17 x 108
6.2 x 108
3.0 x 109
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