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Resin Bonding of Offset Papers Containing Mineral Fillers 
Martin 1. O'Leary, Bourdon W . Scribner, and Joshua K. Missimer 

Papermaking studies at t he National Bureau of Standards h ave shown t hat melamine­
forma ldeh yde Tesin used as a binding agent in offset li thographic papers containing no 
mineral filleTS has t he benefic ial effects of improved printing qua li ty, decrease in t he beatin g 
time of the fibers, and large increase in permissible content of hardwood fibers. The last is 
desirable for the conservation of the scarcer softwood fibers. 

The previous work ha shown that as little as 1% hours of beating gives sa tisfac to ry 
results wit h the usual 50 percent of hardwood fibers increased to 75 percent, when 1 to 3 
percent of me lamine resin is added. 

Further invest igation has been made to determine whether t hese beneficial effects occur 
when the mineral fillers, clay and t itan ium dioxide, a re used . Wi th 1% hours of beating of 
a fiber furnish co nsist in g of 75 percent of soda pulp (hardwood fibers) and 25 percent of s ul ­
fi te pulp (softwood fibers) 15 percent of clay made t h e papers too soft for lithographic papers, 
lowerin g all o f their desirab le physical propert ies. The addition of t he melamine resin had 
little or no ben eficial effect on t hese papers. H owever, wi th a 50-percent-sulfi te, 50-perce nt ­
soda, J5-peTcen t-c lay furni sh , the physical propert ies were improved by t he ad di tion of 3 
pe rce nt of melamine resin , resulting in good li thogTaphic papers. The clay rete ntion was 
lowered slight ly by t he add itio n of 3 peTce nt of melamine resin, and more so wi th 1 percent 
of melamine r esin . \Vhen t he stock was given 5% hours of beatin g, the melamine resin was 
of assistance in producing improved li thographic papers made from 75 percent of soda pulp 
and 25 percent of sulfite pulp. 

When 3 percent of titan iu.m dioxide was added to bo th 50-percent soda, 50-perce nt 
sulfi te, and 75-percen t soda, 25-percent sulfite furni shes with 5~ hours of beating and 1 or 
3 percent of melam ine Tesin added, satisfactory offset papers wcre produced . The reten ­
tion of the titanium diox ide was decreased somewhat by t he resin . 

As re pOJ·ted in a n earlier publication , the Tetention of bot h fillers was improved by 
using an excess of alum inum sulfate and adjust ing the stock to the desired pH with sodium 
carbo nate. 

1. Introduction 

Previous investiga tions in the paper mill of the 
National Bureau of Standards on the use of mela­
mine-formaldehyd e resin as a binding agent in offset 
papers, have shown that the resin impar ted Letter 
printing quality, decreased the bea ting time req uired 
for the fibers, and permitted the use of a greatly in­
creased proportion of hardwood fibers in the papers. 
As little as l?f hours of beating gave satisfactory 
r es ults with the usual 50 percent of the short, weak 
hardwood fibers increased to 75 percent. [1 , 2]1 
The use of the larger content of hardwood fibers is 
desirable for the conservatlon of the scarcer softwood 
fibers. 

In the previous work, no mineral filler was used . 
This is a desirable component because it fills the 
interstices between the fib ers of paper and imparts 
a better finish and higher opacity, all of which are 
favorable for improved printing quality. This 
article gives the results of an inves tigation of the 
influence of mineral fillers on the beneficial effects 
of the binding resin, and th e effect of the resin on the 
retention of the fillers in the paper. 

2. Experimental Papermaking Equipment 

The papermaking equipment at the Bureau is 
semlcommercial in size and is adapted to the experi­
mental manufacture of papers under conditions that 
aimulate those of typical industrial plants . D e-

I Figures in brackets indicate thc1iteralurc rererence, at the end or this paper. 

tailed descripLion and pho Lographs of the essential 
equipment are contained in previous publlcatlons 
[3,4]. 

The equipment used in thls work consisted essen­
bally of a 50-lb beater with a copper-lined wooden 
tu b and manganese-bronze bars and plate; a jordan 
refiner with bars of bronze and sLeel alloy; a fo ur­
plate, flat screen and a 29-in. fourdrinier papermak­
ing machine with a wire 33 ft in length ; two presses; 
nlne 15-in. dryers ; a machlne calender s tack of seven 
rolls; a reel ; a superealender with 5 rolls ; :3 steel 
rolls; 2 co tton rolls; and a 38-in. trimmer . 

3 . Papermaking Raw Materials 

Different percentages of the following commercial 
pulps were used in this study: (1 ) Bleached sulfite, 
made by cooking Eastern s pruce wood, a softwood , 
in a solution or calcium bisulfite. This is a rela­
tively standard quality of pulp such as is commonl.\' 
used for offse t paper . (2) Bleached soda, a fillel' 
pulp produced by cooking poplar wood, a hard­
wood, in a strong solu tion of caustic soda. This is 
an unusually strong soda pulp for a short fibm'ed 
stock . 

The chemical characteristics of the -:- pulps used 
are shown in table 1. 

The fillers were 15 percent of clay and 3 percent 
of titanium dioxide. Their chemical compositions 
are given in table 2. The fillers were mixed with 
water and screened through an 80-mesh wire to 
remove dirt 01' foreign ingredients. 
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TABLE 1. Test data on pulp used in expe1'im enlal papers 

Al pha Beta J';:ind of cellu- eellu-pulp lose a. lose a 

---

% % ulfi te _______ 85. 2 3. 5 
Soda ________ 79. i 17. 7 

• B ased on total cellulose. 
b 0 \-en dry basis. 

Gamma P€n-
eellu- t o-
lose a sans 

--;:-I~ 11.3 3. 5 
2.6 15.3 

Cop- Acidity 
per Natu· (glass 

Ash b ral electrode) • 11um- resin b hot water ber extraction 
---------

% % pH 
1.4 0.20 0. 42 6. 6 
1.5 1. 80 .38 8. 4 

T ABl~E 2. Com. position of fillers used 

Loss F urther 
Fillers a t loss on SiO, F c,O, AI,O, 'l' iO , 

105 0 C ignit ion 
- --- - ----

% % % % % % Clay __ ______ __ ___________ _ 0.3 13. 8 45.3 0. 2 38.8 1. 8 
Tit anium dioxide _________ N one . 15 N one N one None 98. 

The retention of the fill ers in the paper was deter­
mined by the formula 

R eten t ion 

in which 

0.94B(100 - C- A) 
A(1 00 - C - B )' 

A = percentage of ash in oven-dry stock going to 
machine; 

B = percentage of ash in oven-dry paper at r eel ; 
C = percentage of oven-dry fi ller lost on ignition. 

One-percent rosin size precipitated with aluminum 
s ulfate was used on all the runs. 

~1elamine-formaldehyde resin 607 of the American 
Cyanamid Co. was used as the binding agent. 

All per centages of materials added to the pulp 
are based on the oven-dry (110 0 C) weight of the 
pulp . 

4. Manufacturing Procedure 

Fifty pounds of fibers was furnished to the beater 
in each instance. When clay was added , the fib ers 
were 85 percent, and the clay was 15 percen t of the 
furnish , making a total of 58.8 Ib in th e bea ter. 

When titanium dioxide was used , 97 percent of 
the furnish was fibers and 3 p ercen t titanium dioxide, 
mal,;:ing a total of 51.55 lb. 

An excess of alum was used when a filler was fur­
nished to the beater , because it was found in the 
study of experi.mental manufacture of paper for 
war maps [5], that by adding an excess of alum and 
then adjusting th e pH with sodium carbonate, the 
r etention of th e pigment was increased r esulting in 
a decided improvement in th e opacity of the paper. 
A minimum and a m edium b eating time were used. 
A detailed descrip tion of th e roll setting may be 
found in a previous publication on offset papers [6]. 

With th e minimum bea ting time, n6 hours, the 
s tock received a mixing just long enough to thor­
oughly separate th e fibers and give fill ers , size, and 
alum a good mixing. Su ch treatm en t does no t 
develop strength in th e paper. 

With th e medium beating time, 5~~ hours, th e 
s tock received a light brushing for ~6 hour. This 

~ - --- ------------

treatmen t sligh tly frays out th e fibers, causing thcm 
to interlace bett er in forming a sh eet of paper . It 
also makes the surface a little harder , which h elps 
to minimize fuzz . 

A longer beating time cr eates a gela tinous sub­
stance on the fibers. It also maIms a hard, brittle 
sheet of paper . The more gelatinous substance that 
is combined with the finished paper , th e more th e 
paper will expand 'when it b ecomes wet and contract 
when it dries. This expansion and contraction of 
the paper cause misr egister in offset lithographic 
printing. 

The beaten stock was dropped to th e ch est and 
pumped in a continuous str eam through the stuff box 
into th e jordan. 

The stuff box is divided into three compartments: 
one section recei ITes the stock from the pump ; th e 
second compart ment has a gate that r egulates the 
desired amount of stock delivered to the machine per 
hour; the third section receives the surplus stock, 
which then returns to th e machine chest. 

The jordan was used only for mixing the fibers 
with the same setting for all runs. 

From the jordan the stock drains into a fan pump 
and is mixed with th e white water from the paper 
machine. The mixture is then pumped to a riffle 
box that contains several baffl e boards. The stock 
flows ovcr these baffle boards, and the heavy par­
ticles, such as sand, metal, etc. , settle to the bo ttom 
of the box. From the riffle box the s tock flows 
thTough a screen with slo ts cu t 0.018 in., thence to 
the headbox on to the wire. 

M elamine-formaldehyde r esin was added in th e 
form of a colloidal solution, made by dissol ving th e 
powdered r esin in warm water acidified with hydro­
chloric acid. 

The formula used in this study was submitted in 
1943 by the American Cyanamid Co. 

39 pounds of 200 Be hyd rochloric acid is added to 50 
gallons of water a nd heated to 1400 F ; 100 pounds of 
m elamine Tesin 607 is added slowly to the acid solution 
while st irring ; t h e resin solution is added to cold water to 
make a total volume of 100 gallons. 

The resin was added at the scr een hopper , after 
the stock had left th e screens and before th e h ead box. 
There are two r easons for adding the resin at this 
particular place; first, melamine resin has an affinity 
for dir t, therefore , i t should be added at a point after 
the dirt has been remo ved; second , m elamine resin 
should have th e minimum amount of agitation to 
obtain the maximum efficiency of wet str ength in th e 
paper , but should b e added at a point where th e 
r esin will have time to obtain uniform distribution 
in the stock b efore i t flows onto the wire. The tem­
perature of th e stock was maintained at 90 0 ± 2 
deg F . One percent of rosin size was used in each 
of the papers. It was precipitated with paper­
maker 's alum, AI2(S0 4)3, which was used to control 
the pH of the stock. 

The finish imparted by the small machine calend ers 
was low, therefore a ligh t supercalendering of th e 
paper was necessary, so that the finish would be 
comparable to that of commercial papers. 
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5 . Testing 
All physical and chemical tes ts of the pulps and 

papers were made in accordance with the s tandard 
methods of The T echnical Association of th e Pulp 
and Paper Industry.3 

The pH of mill 'waters at the b ea ter , s tuff box, and 
h ead box was determined \vith a gla,ss electrode. 

6 . Interpretation and Discussion of Test 
Data 

To enable tbe r eader to illterpret the graphs more 
clearly, a dividing line has been drawn through the 
graphs. All test results above the line are con­
sidered good and all those below the line, poor. 
. Som~ of the important t~s ts are the pick , expan­

SlOn, 011 penetratlOn, opacIty, curl , tear, bursting 
s trength, and folding endurance . It is impossible 
to develop a paper whose characteristics are good in 
all respects. In order to develop a paper with a 
low cmI, low expansion , and a low oil penetration 
time, which arc essential in lithographic papers, the 
p~'ocess usually adversely affects the s trength and 
plCk. A low pick causes much trouble in litho­
graphic printing b ecause the printing blanket picks 
bunches of fibers from the paper and in a short time 
the blanket and plate fill up, necessitating a shut­
down to . clean the press. According to Robert F . 
R eed anel J ames J. Spevecak [7], " Bond trength is 
m easm ed by the ,vax pick: t est , and a pick of SL'C or 
be~ter is generally conceded to be nece sary". 
U smg thIS statement as a base, a wax pick of 6A was 
placed on the line; therefore, any pick t es t shown 
above the line will be considered good, and any tes t 
shown below the line, poor. 

The pick, burs ting strength , and folding endl1l'­
~nce correlate. vVhen th e pick incr eases, the burst­
mg strength and folding endurance increase also 
and vice versa. An average was taken of the burs t~ 
ing ~trength , tensile strength ,. tearing str.ength, and 
foldmg endurance for the SLX p apers m t able 3 
having a pick of 6A, and the average values were 
placed on the line also. They are comparable to 
those of book papers when clay is used. The other 
:ralues. on .the medi~n line are based on the previous 
mvestlgatlOns of o:ffset papers by the Bureau [8] . 

7 . Results of Tests 
. The test data for the experimental papers are given 
In t~,ble 3 and shown graphically in the figl1l'es . 

Flgure 1 shows the results obtained with a furni h 
of 75 percent of s trong soda pulp and 25 percent of 
Eastern sulfite pulp ; beating time was 1% hours. 
This furnish, with melamine added, was found satis­
factory in the previous work. Fifteen percent of 
clay, an amount normally used for offset papers, 
oftened the paper and adversely affected the desir­

able phys~cal properti~s of folding endmance, pick, 
and bmstmg and tenSIle strengths. Also, the clay 
]'esul~ed in lint 01' fuzz on the wire s ide of the paper , 
the SIde next to the paper machine wire. The fuzz 
find the pick correlate-the lower the pick, the more 

3 Available from t he Association bcadQ uartf'rs at ] 22 E ast F or! y. Sccnnd St reet 
Kew Y ork 17. X . Y . ' 

BURSTING TENSILE FOLDING SURFACE 
STRENGTH STRENGTH ENDURANCE PICK 

POINTS KG D FO.LOS WA X NO. 
25 

5 
15A 

20 
15 

1564 ~ 

1563 
15 9 6A -

1593 

1592 
10 

1562 - 2 

1591 

Fro [ - RI'] 1. Effects of melamine resin on physical pro perties 
of papers con taining clay fiUel' 

Pul p: 75-p crcent soda, 25·pcrccn t su lfitc; beating time: H2 hours. 
1562, No :M, no clay 1564,3% M, no cIa)' 1592, 1% M, 15% clay 
1563.1% M, no clay 1591, No M,15% cla.y 159:!, 3% M , 15% clay 

fuzz occurs on th e paper . The cause of fuzz , in 
most cases, is a free under-beaten tock. This gives 
the paper a soft surface. The g reater part of the 
surface friction is on the wiro id e, and this fric tion 
c~l1 ses the loosely bound fibers t o fluff up on that 
SIde. The clay ha the same effect on the paper in 
t hese r espects as unbeaten free stock. 

The addition of 3 percen t of melamine re in in 
the absence of clay (run 1564) incr eased th c bursting 
strer,tgth 100 per cent, folding endurance 300 percen t , 
t enslle strength 55 percent, and t he pick about 300 
percent, compared to paper made without resin and 
clay (run 1562) . However , the paper m ade with 15' 
p ercent of clay and 3 per'cent of m elamine resin (run 
1593) had physical properties comparable t o tho e 
of the paper made without resin and clay (run 1562). 
Papers with such low physical pl'oper ties would not 
be suitable for lithographic papers because of the 
t acky ink that is used in lithographic printing. The 
blanket would pick bunches of fIb ers from the paper 
and in a short time t he blanket and pla te would b~ 
fill ed up, n ecessitating a shutdown to clean the press. 
The clay had little effect on the t ear . The r etention 
of clay. was lowered considerably with 1 percent of 
t he resm (run 1592) but only slightly when 3 percent 
was used (run 1593). 

Figme 2 shows the results for a series of papers 
made with 50 percen t of s trong soda pulp and 50 
percent of Eastern sulfite pulp with a beating time 
of l}f hours. Oomparing the clay-free papers (runs 
1540, 15.60, and 1561) with t he corresponding papers 
made WIth 15 percent of clay (runs 1594, 1595 , and 
1596), t he t es ts show that the clay again had 'I a 
deleterioLls effec t. However , the 3 p ercent lof 
mela~i~e resin (run 1596) strengthened the paper 
contammg the clay to a degree that made it satis­
f~c tory for lithographic printing, as it had good 
plCk, low expansion, low oil pen etration time, low 
curl , and good bursting strength. The paper made 
with 15 percent of clay required 1 percent of mela­
mine resin (run 1595) to bring the physical properti es 
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T A BLE 3, Comparative data on effect of melamine-formaldehyde resin on offset papers containing mineral fillers' 

I 
I 0 

B eater furnish 
.,. Folding 
~'§' endurance 

I '''''' (double 
I " o:i ~~ -" fo lds) MIT 

'" 
"m r., (tension Filler ~ -"'0 " .~ 1 kg) " '0 .~8 ~ a ,,~ 

" 
------

~ § ~ ~ ~ Pulp ;; " <oil " bJ) ·s .c 

" ~ " " . d " 
",,, 

.'< :2 '" ~ 'd .- " d 0 -"l E ",.- " " '" 
" 

c s i " " :c 5 " 2 '" ~ ;g P:l ~ -< P:l ~ E-< Il< 0 

---- ----------------- --- ---
hr % % % lb 'in. Pt 

1562 lY2 25% bleached sulfi te, 75% Non e _ ------ 53. 2 0. 0034 9 4 4 
bleached strong soda . 

1563 1Y2 ____ _ do _______________ -- - --- ___ do __ ------ I 81 54.0 . 003:3 16 10 8 
15M l Y2 ____ Ao _____________________ ___ do __ ------ 3 84 54.3 . 0033 19 18 16 
1591 1Y2 _____ do _____________________ Olayb_ 15 -- --- ------ 52.4 . 0034 6 I I 
1592 l Y2 __ ___ do ___ __ _________ ___ ____ ___ do __ 15 1 75 54.5 . 0031 10 4 2 
1593 lY2 _____ do _____________________ ___ do _ 15 3 70 54 . 2 . 0034 12 5 4 

1540 lY2 50% bleached sulfite, 50% Non e _ ------ ------ ------ 54.8 . 0040 12 6 4 
b leached strong soda. 

1560 l Y2 _____ do _______ ___________ --- ___ do __ ----.- 1 93 54.4 . 0036 17 15 12 
1561 1Y2 ____ Ao _____________________ ___ do __ --- .- 3 70 53. 6 . 0031 20 29 21 
1594 l Y2 _____ do ________________ - _ - -- Olay __ 15 ------ ------ 54. 6 .0032 9 3 2 
1595 1Y2 ____ Ao _____________________ ___ do __ IS 1 83 52.5 . 0031 II G 3 
1596 1Y2 _____ do _____________________ ___ do __ 15 3 74 54.6 . 0032 14 10 8 

1621 5Y2 __ ___ do _____ ________________ Non e . --.--- --.--- --- - -- 55.4 . 0039 16 12 8 
1622 5Y2 _____ do ___ __ ________________ ___ do __ ---- - - 1 81 54.3 .0037 21 38 22 
1623 5Y2 _____ do _________ _____ _______ ___ do __ - - -- - 3 77 52.8 . 0035 24 63 38 
1616 5Y2 ____ Ao _____________________ Olay __ 15 --.--- ------ 54.8 . 0034 11 5 4 
1617 5Y2 ____ Ao _____ ______ __________ ___ do __ 15 I 73 54_ 7 _ 0036 14 9 5 
1599 5Y2 _____ do _____________________ ___ do . _ 15 3 73 53.8 . 0031 17 16 11 
1605 5Y2 __ ___ do ____________________ . ':ri02c . 3 ______ ------ 53. 2 . 0034 16 12 6 
1620 5Y2 _____ do ___________________ __ TiO, __ 3 I 75 54.9 . 0036 19 24 14 
1607 5Y2 _____ do _____________________ Ti02 __ 3 3 67 53.5 , 0035 22 34 21 

J624 5Y2 25% bleached sulfite, 75% None . -- --- .----- ------ 54. 1 . 0039 12 6 4 
b leached strong soda. 

)625 5H _____ do ______ __ ____________ __ ___ do ___ --- - -- 1 75 53.8 . 0038 19 15 10 
1626 5Y2 ____ Ao _____________________ ___ do _ ----- - 3 76 56. 1 . 0039 22 27 21 
1618 5Y2 __ ___ do _________ __ __________ Olay __ 15 ------ ------ 54.9 , 0036 10 3 2 
1619 5.0.:! _____ do _____________________ ___ do _ )5 1 86 54.9 . 0034 13 6 'I 
1598 511 _____ do __________ ___________ ___ d o __ IS 3 78 52. 9 . 0030 15 8 6 
1608 5lj! __ ___ do _____________________ 'ri0 2 __ 3 ______ 

------ 53.6 . 0038 14 7 4 
1609 5~ 

_____ do _____________________ TiO, __ 3 1 75 53.9 . 0037 17 12 8 
1610 5' 2 ___ __ do ______ __ _____________ TiO, __ 3 3 70 55.1 . 0037 19 16 10 

• A ll pbys ical tests made under condition of 50-percent re la tive humidity and 73°F ., by the 
Standard M ethods of the Technical Association of the Pulp and Paper Industry, 

I 
'0 

T earing Expans i vity e >< 'Tensile (15% change ::? " ~ i< ros ist-strength in relative ~ 

'" " " ance humidity) ~ " '" ~ " ~ e .~ " ~§ 

:3 ,.. 
" :0 o:g " § '" " g ~ ----- ---- ----- :g § ~ "'" g 

'" " "- " "- E '-".,b: 
.0 

" t: :§ 
,.., 

-" 2- d i; »" 
:a :2 '" ·0 '0 " ~" d 

:1l :1l 0. .-
" " " '" '" 0 .t< 0. ,.. '0 

" 2 i 
0 '" 0 0. S " " ·0 ~ ;g 0 ;g 0 0:; 0 :.:ii 0 0 rn 0 -< -< 

--- --- -- - - ------------- ------- --- ---

kg kJ g g % % % sec No. sec sec deq pH % 
0.3 2.5 47 49 0.05 0. 12 91 148 3.'1. 36 32 32 5.0 ------

4.8 3.5 46 47 . 06 . 13 90 147 7.'1. 36 38 oJ 5.1 ------
5.4 4. 0 46 44 . 05 . 14 89 15 1 1IA 38 46 36 5. 1 ------
2. 1 1.3 45 45 . 05 . 12 91 114 -2.'1. 27 21 22 4.9 14. 0 
3.3 2. 1 42 50 . 05 . 13 91 258 3A 36 48 JO 4. 6 13.9 
3. 4 2. 4 43 44 . 05 . 13 91 180 4,\ 33 43 30 4. 7 13.6 

3.7 2.6 61 63 . 05 . 13 88 64 3 '\ 34 22 31 4.5 ------

4.7 3.3 57 58 . 06 _14 87 79 l OA 28 29 36 5.2 ------
5. 9 3.8 46 44 . 06 . 15 87 166 llA 41 48 43 4.8 ------
2. 7 1.7 53 60 _ 05 . lD 89 254 2A 40 42 28 5.2 13.6 
3.3 2. 0 48 56 . 05 . 13 89 178 3 A 31 38 25 4.8 13. 9 
4.1 2.7 46 49 . 05 . 15 90 235 7A 40 60 34 4. 7 13. 4 

4. 9 2. 9 63 61 .05 _14 88 58 ~A 44 35 36 4. 2 -.-- - . 
6. 3 3.8 52 51 . 06 _ 16 87 73 lOA 38 41 44 4. 6 ----- -
6.7 4. 3 48 45 . 07 . 17 86 59 llA 43 43 43 4.5 
3.9 2. 1 53 58 . 05 . 15 W 163 2A 49 65 41 4.3 14. 0 
4.1 2.4 50 55 . 05 .15 90 83 6A 48 54 41 4.4 14.6 
5.2 3.0 42 40 . 06 . 16 90 164 8A 65 82 46 4.7 15. 7 
5. 1 2. 7 48 51 . 06 . 17 91 111 6A 50 58 56 4.6 4. 2 
5. 9 3.3 51 53 . 05 . 16 91 75 7A 61 58 42 4.2 4. 4 
6. 3 3.9 44 44 . 06 . 17 92 90 llA 45 68 53 4. 5 4. 7 

4.2 2. 5 58 59 _ 06 . 15 89 59 2A 31 21 32 4. 2 ------

4. 9 3.4 56 54 . 07 . 15 89 54 6A 29 22 34 4. 3 ------
5. 9 4. 3 52 47 . 07 . 16 90 49 9.'1. 31 26 35 4.7 ------
3.3 1.9 47 49 . 05 . 14 92 111 311 41 44 37 4.3 14.4 
4. 0 2.4 51 52 . 05 . 14 92 165 6A 55 65 43 4.4 14. 6 
4.5 2. 7 35 37 .06 . 18 90 182 7A 48 72 61 5.3 14.7 
4.2 2. 7 46 50 . 06 . 18 94 103 SA 42 46 52 4.6 4.9 
5.7 3.3 43 40 . 06 . 17 93 89 6A 49 51 49 4. 5 4.9 
5.8 3. 5 42 42 . 07 . 18 94 80 8A 51 56 44 4. 7 5. 0 

-

b B eater furn ish for each run with clay was 85 percent fibers and 15 percent clay, 
, Beater fu rnish for each run with 'no, was 97 percent fibe rs and 3 percent TiO,. 
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8 URST ING TEARING FOLDING WET ~ OIL EXPANSION SURFACE 
STRENGTH I STRENGTH ENDURANCE CURL RESISTANCE PICK 

POINTS IGRAMS D FOLDS DEGREES SECONDS ~./ 15 ~. RH WA X NO. t 25 

30 60 :. 25 r~".~, 25 

, , il'c"'<' ""'.~ 
; ;:;.. " [0 4~~:;:_":::'?:x:.~e- ", 

25 :7~:A\', //i 40'~,:-~ ":.::.~' 15A 

1561 

" \. , V.'j'i .12 

20 1561 /i'~ ," '\\)'5 , / /, ,: .' 55 ~r.,,:!9:::-,: '\ 
1560 I " . ' ., / j.' . 

V /i \.,' i,' i \>;;",,596 
15 ., . f 30 .~' / 76 70 .1 4 6A\. 

FIGURE 2. }<~tj'ec ts of melamine resin on ph ysical pToperties of 
papers containing clay fill er . 

J' ulp: 50- perc-clll soda , oG, percent sul ftte; beatin ~ ti mc: I,,, hours. 

1540, Ko 111, no clay 1561, 3"0 j\ r, no cia)' 1595, 1 % 1\1 , 15% ch)' 
1560, 10/0 M: , no clay 1594, No j\-J, 15 1e c l a~' 159(j, 3% ]\ 1, 15% clay 

up to those of the papel' mn.de withou t clay and 
resin (run 154 ) . 

The mel amin e resin had an adve l'se effect on t he 
tearing resista nee in this series of paper (fig. 2). 
The retention of clay was n.bout the same as in t he 
preceding serio. 

To offset the 10-1'1' physical properties caused by t he 
addi tion of clay, fibers of the remaining run s were 
given the medium beating of 5}6 hours with a light 
brushing. In runs using 15 percent of clay without 
resin with 50-per cent sulfi te, 50-percent soda and 
25-pel'cen t sulfite, 75-pel'cent soda furnishes, the 
5}f-houl's beating did not improve the physical 
proper ties to any appreciable exten t, The clay 
retention was inCl'eased somewhat, 

Figure 3 shows a comparison of the effect of t he 
1}6 (run 1595) and 5}f (nm 1617) hours of beating 
for papers made with 50 percen t of sulfite pulp , 50 
percent of soda pulp , 15 percent of clay, and 1. per­
cent of melamine resin. The figure shows that even 
with 5% hoUl's beating t he paper would be on t he 
borderline foJ' a good lithographic paper. However, 
the advantages of the latter paper were a 10 -percent 
improvement in the wax pick: and a minimum of 
fuzz . Figure 4 shows t hat the addition of 3 percent 
of melamine resin (run 1599) made a good litho­
gra.phic paper with improved physical properties 
compared to t hose of papers made with 1 percent of 
melamine resin (r un 1617) or no resin (run 1616), 
The retention of clay was better t han that of the 
preceding two series, figures 1 and 2. 

Figure 5 shows comparison tests of 5}6 hours of 
beating time, 75-percent soda, 25-percent sulfite, 
usi ng a filler. 

Figure 6 shows the results for papers made with 
25 percent of sulfite pulp, 75 percent of soda pulp , 
3 percent of titanium dioxide, and 0 (run 1608), 1 
(run 1609), and 3 (run 1610) percent, respectively, of 
melamine resin; beating time was 5% hours. The 
ph.'~sical proper ties of the resin-free paper (run 1608) 
were below average for a good lithographic paper, bu t 
the retention of the titanium dioxide was high , The 
melamine resin improved the physical properties III 

8U STING 
STRENGTH 

POINTS 

30 

25 

20 

15 
1617 

1595 
10 

TEARI NG FOLDING 
STRE NGTH ENDURANCE 

GRAMS D FOLDS 

60 
25 

WET OIL EXPANSION SURFACE 
CURL RESISTANCE PICK 

DEGREES SECONDS %/15% RH WA X NO. 

25 

FI G U RI-: 3 . Com.parison of e.D·ecl s of beating times of 1 ~ and 
5 % hO Llrs. 

15·pcrrc nt clay. I-percent me lam ine resin; pul p : .50-prl'cc ll t soda, flO-perce nt 
s ul ntc. 

1595, heating ti me, 172 hours Hllt, beating ti me, 5!:! hours 

8URS TING TEARING FOLDING 
STRENGTH STRENGTH I ENDUR AN CE 

POI NTS GRAMS o FOLDS 

.60 
60 : \ 

.' 
.' . 

25 1623 

1621 

WET I OIL 
CURL IRESISTANCE 

DEGREES SECONDS 

II 
~ 

'",./ 

EXPANSION SU RFACE 
PICK 

%/15 % RH WA X NO. 

.08 

15A 

.1 '623 

'- "'-'-'-, ' ''~OJ,:"~22 

70 . 14 \ 6'A 1599 
I 599V-/,' 
15 • I 30 

1617 i '. '\ 1611 

'\ '. "-16 21 

LI0 ____ 16_16-L ______ ~ ____ ~ ______ _L ______ L_ ____ ~' __ A "1616 I 
E,O'eets of melamine Tesin on ph ysical propel,ties of 

papers containing cla y fill eT. 
Pulp: 50·percent soda, 50-percent sul fite; beati n ~ limc: 5)4 hours. 

1621 , No M , no clay l O2:l, 3% M, no clay 1617, 1% M, 15% clay 
1622, 1% M, no clay 1616, No M , 15% clay 1599,3% M, 15% clay 

BU RSTING TE ARIN G FOLDING WET OIL EXPAN SION SURFACE 
STRENGTH STRENGTH ENDURANCE CURL RESISTANCE PICK 

POI NT S 

25 

1626 

1619-,./ / 
1624...,.' ./ 
10 ; \ 

16)8 

GRAMS 

60 

D FOLDS DEGREES SECONDS %/15 % RH WA X NO. 
25 

25 

---""'--."-. .08 

40., ",,~ 
35 

70 .14 

5 ' 

15A 

\\ 1625 
\'.~16Ie 

IA ' ..., 
1624 

FlGUm J 5.--Ei)'ects of melamin e Tesin on physical propeTties of 
papeT containing clay filleT. 

Pulp: 75- I)eI'Cent soda , 25-pcl'cent sulfite; beating time: 5)4 houl's. 
1624, No M, no clay 1626,3% M, n o clay 1619, 1% M , 15% clay 
1625,1% M, 110 clay 1618, No M , 15% clay 1598,3% M , 15% clay 

bo th runs and made these papers satisfactor y 
li thographic papers with good folding endurance, 
bursting strength, tensile strength , and wax pick. 
The melamine resin again had an adverse effect on 
the retention of the filler. As the amount of resin 
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FIGURE 6. Effects of melamine Tesin on physical pr'o perlies of 
~ .. ~ papers containing titanium dioxide fille r. 
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F I GURE 7. E.O·ects of melamine resin on physical properties of 
papers containing titanium dioxide filt er. 

Pulp: 50·percent soda, 50· percent sulfite. beuting time: 5~, boms. 
1605, N o M , 3% TiO, 
1620, 1% M , 3% TiO, 
1007.3% M . 3% TiO, 

was increased, the r etention of filler decreased In­

versely; however , the opaci ty was not affected. 
Figure 7 shows the results for papers made with 50 

percent of sulfi te pulp, 50 percent of soda pulp, 3 
percent of titanium dioxide, and 0 (run 1605), 1 (run 
1620), and 3 (run 1607) percent, respectively, of mel a­
mine resin ; beating time was 5 ?~ hours. All three 
runs made good lithographic papers. The paper with 
3 percent of melamine resin meets all the require­
ments of good lithographic papers, having high 
folding endurance, bursting strength, tensile strength, 
and pick number, and a low oil penetration time and 
curl. 

8 . Summary 

When a beating time of l}~ hours was employed , 
15 percent of clay had an adverse effect on the desirable 
physical properties of papers made with 75 percent of 
soda pulp and 25 percent of sulfite pulp; the addition 
of 3 percent of melamine resin did not result in the 
production of satisfactory papers. The clay weak­
ened the paper , and made it softer, therefore fuzzier. 
The latter condition would cause trouble on the litho-

graphic printing presses, filling the printing blanket 
and plate and thus necessitating frequen t shutdowns 
to clean the press. However, when equal parts of 
soda and sulfite pulps were used , satisfactory papers 
r esulted when 3 percent of melamine resin was used. 
The retention of clay was lowered considerably when 
1 percent of m elamine resin 'was used, but only slight­
ly with 3 percent of the resin. 

When the beating time was increased to 57~ hours, 
satisfactory papers were obtained from both 75-
percent-soda, 25-percent-sulfite and 50-percent-soda, 
50-percent-sulfite furnishes, containing 15 percent of 
clay and 3 percent of melamine resin. Also, the 
clay retention was improved somewhat. 

'When 3 percent of titanium dioxide was used as 
filler , good lithographic papers were obtained from 
bo th 75-percent-soda, 25-percen t-sulfi te and 50-
percent-soda, 50-percent-sulfite furnishes, containing 
1 and 3 percent, respectively, of melamine resin 
with 5?~-hour beating time. The r etention of the 
titanium dioxide deCl'eased inversely as the melamine 
resin increased. The titanium dioxide improved the 
opacity considerably. 

The authors are indebted to Thelma L . vVorksman, 
Ruth E . Dowden , and Alice A. Padgett for the tests 
of the experimental papers, and to James J . Erving 
for assistance in the papermaking. 

This investigation and the previous investigations 
dealing with offset papers were conducted with the 
counsel.of an advisory committee of technicians of the 
papermaking and printing industries, under the 
chairmanship of R . F . R eed , R esearch Consultant, 
Lithographic T echnical Foundation. 
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