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Introduction

This revort is a contiruziion of the work covered under the general
heading of liquid pherolic resins used zs teater aéditivea. It is concerned with
the preparatior of wnerol-formaldehyde resins made ot the Institute--thelir additio:z
at the beater stage, the fomation of sheets, and the evzluation of the pressed

verels conteining these resins.

Tre vrincipal goal was 10 pyrepare & resin which whea used as a CTeater

additive would result in a laminated panel with characteristic properties of hLigh

- .. density, low water absorption, good hardness with good resin retention. Since

the degree of volymerizatior and type of catzlyst are {wo of the factors i;fiﬁenciﬁg N
these vroperties in a resiz, it was felt tzat by controlling the length of the
cooking verioé the degree of linear linkage ard cross-iinking could be varied.
4180, the removal of the acid catelyst was-tried-in order to lower_ the concentration ]

of water-sersitive materials in the resin. Four modifications of phenol-formeldehyle

resirs were gsyntkesized and tested.

Tre subsequent handling of the resing at the teater siege, during

precipitetion, ete. was identical for all four resins.
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N ' - Preparation,o Pherio 0l- Formaldehyde Reging < = % . .
2 . L 1R g N S e REA
o to- LT et N . T VR A b, . ‘; - . _-ﬁ .-
e 3 oo ) - -3l ;_:.LR‘" pi }1,}1— _~ . -5 e
R The- apparatue used gpr-;‘h“;x Hjtheeis of -the reeins consisted of .a _ . -
o oE oy e ot ar N A T in o Je A e TSy e
v - RA UL T -
. 1000 ml..-j-neck flask fltteq with g;stirrerm‘ith a.mercury -seal; ‘a ¥atel condenser - _
- e ks e et ] N

}_",

g Bll.- '.'—l‘he temperature was determined e e

. with a otraight tube, and a therm cou

:v\ - .'

: : s R et D, et e e
Ly with an’ Alnor portzble pyromete,r fitted ﬁh_;ﬁ -Zagt o’hromel-constantan thermo— *1
LR . :—’r' ": J-{ - fz‘ O g"g‘ Ty "'.T o b J.s"‘"‘: ’“.'- s ‘i.f.:?r‘:;__
coup],e -n» 'l'he heat{ing waa d.one uith:.a; bungen 'bu_mfr.ﬂ— A gate bath a.s used to . SVE S S
A ":‘i"" “ ‘.r'-v.'q_‘{_‘.'l P ,‘1‘}‘5 S " ¥ ‘.,m o R S _a...,x:;
" - . P i T N S v ey e, PR S
- cool ‘the Lreaction when necessary. F -,;;: Ve am T e e T T T e PSS
' - - - - - __r T ‘-»_,‘, u,“" N ey - LT o D ‘.,-‘:‘.. 2 - Lowe ,0" ‘...‘;‘
‘s - ¥ _3 : ) :,.- - - _'}':Tir‘{?’;.;&‘.*\“" E"—‘_‘,A i ‘\. o l-.)-_-.-h.-_“ .-rl: -‘:1‘,':.“"'_ %"“{J R bs,, ' 7 f' Ry N
v w e ar -'3“ e R «ﬁ‘“' -_;,::t'.:"’ RGP N 2 i(“ R I S,
Coy 'I o-Stage Resin g6 : The prepa.rati‘dn-»of the resin is giveng-i‘g ¥rojec ct-Report #22, " .-
N . L v oe o r . e yr - B S M - - o
- - “_,I ‘_:it q;:)'} Wf‘:-‘:,'d_"ﬁ:,_m ._5...1 - B - v-v " s ¥ e.' 'Y ':‘-‘C
which describes 1ts evamation as a wet strength resin. See alro,- Pro_)ect Report = 7 -
S 3. . ey S
. #21 which disausees two-ﬂtege resins._ 3., e AP
-- '3 -~ - & R L e T . v P LA
T T S - - T e : 2, "{:.“?,_-'u‘ PR S e SRS S P t- To.a
% - " . S s gnd
. Two~Stege Beain #70¢ 'Ihe pre.pa:::aiiqn of this resin differs £rozn~§.esin #64, in that VI
- .,.':':':_!“‘\‘ , e .- N . e ".. '..r_. ceT N . LQ:_‘:: - —;',. . ," oot 1,.:.: N
iz 'rthe ~aci‘d-stage polymev-ization wa.a 1en.gthenedf= to the point where a ta.ffy-’-lixe T TV
S A R AT R " R
ey = 2 A
consisteney (indicating a fairly high polymer Weic,ht) was produced " The product T
- produced by adding more for:nald.ehvde and cmatic and hee.ting further, ,had a -
- tendency to separate into two phases. JV‘Ihe 1ower ‘layer was'a ta.ffy-lilre resin.

and the top was & fairly clear «-.hquid.' "The addition of 20;: }aOH waa found to*‘ IR

cause recombinztion of the two layers into a hoaogeneous liquid. A test was made

ot
T

to fand the amount of 20% NaOR ne—edea to adjust the water tolerance to suit

T beater addition- needs. (& watc—r dilution ratio around 2 to 3 apoea.re to give &

PR T T e E
good reein emuleion in the beater I i . ) .,
- e - - - ’ 1'\-‘ : " !

. I - L - o
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- r +

f Two-stage Eesin #91& Fomles - e ‘
. e €. : - 1St Stage 2nd Stage<.

L 4
h '

oo l"oo g: 4Ph81101 (liquid) T 242 g. 37% Formaldehyde -
242", 37% Fomaldehyde 1207z, 204 ¥aOH =~ |

i : N..ZOg 20% sto“L T L .
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«  -The aoove mixture was heated glewly to 180 Fe with constant atirring. .

LSS
1 t - -
x - - ’

_arnd held there for one bour. The material separated into tuo-phases. ‘It waB - - - -

[

then cooled to 100°F ard the top 1ayer poured 9ff.~ An ad@itional 242, g.-of

4-,_ 4

Formaldehyde, and. 120 g. ¥aOH (20% dil.) were added " This wa.s 'brou.ght to 190°F.

. - .
_'\v 4o~ -t " -

and held_there for 20 mimutes, and then cooled.i_* . : e T A

W
v o ;.s‘

- . - -
N . -

A w -n

,..\

¥

. - \ . i
J-_-.."‘ P v T

TwoaatagetBesin #111. This resin haa the Bame,formula as resin #9b However. :

% v v
_‘_' \_;_,. t. )14..-,..['. --r_“
s

after the initial heating, the supernatant liquid was poured off, and the remaining ';L

- P,

74" \-

sy .
.
f

4 oan

resin yas washed thorOugnly with distilled;water._ The final cookiwas carried on -32::

..A" A

~_\ . a7 Tt f

for 40 mimtes. T S s+ A SR iy RPN
~ ¥ - . T - o hw . "5'- -

it L.
s

H
v oty
> a—
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- £ M
- . P ' T T e, /‘1’—4:’.1‘
“ -1 r 3 P LR—— o, e

Three-Stage Resin #121. Formule: ..~ - - ' L.

- (] - N
PR L S

A (st Stage) .. B, (204 étége) oL c': (3rc1 Sta.ge) B

, 372 g. 1004 Phenol 127. 5 g 20% azsob -k
28 g. water A o
242 g. 3?% Formaldehyae - SR ;;gi , S T - P Ty .
88 g. 20% RaDE solution .- MUFAAL L T oL ety - 3

‘2142 g 37ﬁ Formaldeh;,-de T -_..:' T
120 'g.’ ZO%Naoa -

-

- . . - .
Y Y PR

) - -

The mixture A was heated at 180°“ 'for 30 minutes (taking 30 minutés . .

T -

..A...a - -
""ﬁe"‘ ! -

to reach 1eo°). It wes cooled,. and et 1oo°r., 127 5t g.haoﬁ H 0, wés adaeg_.. The

1.__ -

temperature was again raised to 180 F anﬂ held there for bs minntes. ~The second
cooling brought about a2 phase separation., The supernatant liquor wes removed
ard 242 g. 37% Formaldehyde mnd 120 g. 20% NaOF was adéed. Tre resin turned

-- dark with the addition of EaOH.“ -Heating at 180 F. was cont1nued for bs minutes.

- = - o - - [

The producit wae then cooled wlth a cold water bath. o

3. .
- -
< 3 - * ~ ‘ = -

Three-Stege Resin #132. This r651n wasg prepered by cooking resin #121 for.1.5 ‘
J I

hours at 190°F. At the end of cooking, resin apne&red considerably thicker than -

the original reein. : - " o 50 ;( ' :u T

; 3{,_’;_ TR l‘ R w_— T 4 Qe
i ”ir .“1f 45 m: »4 %m
s G ’ti ¥ T
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i ) ;f The resins were taated for per cent solids, pH, Brookfield viscosity,
I",‘ b, & Lot n
-4, LR : v -
= B strake-cure gel—time beaterbstick point, and water dilution ratio;
4 R

L]

] . Beater Addition of Resin

B - P - - .- . A e R

- -

T, . Growanelleibach unbleached sulfite with a Canadian 6tandard freenegs
{5 . i .of #75 vas used in the furnish on the basis of 6

. s :‘ o e *
]
3

oL vaa beaten 1n a mastar batch in a Rbble and Wood five-pound laboratory beater

2

0% pulp to 40% vesin. The pulp

. '..,.,w

, 'to a. freeneas of 450 'Canadian standard freeness. fThe pulp waa dﬂwatered in a

centrifuge and then crunbed with the Institute pulp breaker. The consistency

was 22.88. Pulp from thie master batch was used for each test.

The resin was added to 100 g. (0.D.) Pulp which vas adjusted to 3%

' consietency in a special mixer fitted with a spiral sgitator.

ne

The resins were Precipitated with precipitant K (a mixture of 13 parts

glacial acetic acid, 2 parts 85% phosphoric acid, ang 83 parts distilled water)

to a pH value of 4.5-4.8.

- The stéck was diluted to 3% consistency and mixed in a special spiral
mixer. The resin was diluted with an equal volume of water and then added to the

fiber--mixing wes continued for 15 mimites, and the resin was then precipitated.

" Sheet Formation -

Sheets were formed, on the basis of 2004/24 x .36 x 500, from a stock-o

5% consistency’ (resin Plus fiber) using an 8 x 8-inch recirculating sheet mold.

( i
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e
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L The sheets were wet-pressed between blotters at 65 p.s.i. and partially
- dried ;i ZBO?F. for three mipuﬁgp. The sheets were then conditioned at 50% R. H.
and 73°F. The sheets were weighed and the o;anA;y weight caloulated from the -

K conditioned weight ﬁy oégn éryiﬁ;‘one half sheet. THe per cent volatiles was

obtained by drying one sheet at 160°C. for ten mimites.
Pressing of Panels

Panels were pressed at 1000 p.s.i. at 300°F. for ten mirutes. The per
‘ceni volatiles was-found by the per cent lose 1in weight on heating a sheet for

ten mimites at 160°C. i

A material balance was mesde, and the completed panel was evaluated ’

for density, Rockwell M herdness, and 24-hour water absorption. ;}
Results l

The resin characteristics are shown in Taeble I. The characteristics

" of "Synco 721 (Snyder- Chemical Company) are given for comparison.

- s 4 .= - I

The resing functioned as well as the commercial resin, Synco 721, with
which they may be compared. The retention in some cases was better than that

~7-- — - achieved with:the compercial resin. Two of the experimental resins were definitely

——

unsatisfactory as brought out by their tendency to stick to the_scfeen and o

agglomerate into small lumps. See Table II. The material balances (Table I1II)
[T A

-~

LI

.were verx:gﬁod in only three cases. The rather high unbalance noted for run

?5}-1@7.and 7?1—99 is probably due to the fallure to achieve equilibrium in the

N

conditioned sheets or to some other factor not under control, The material:
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‘balangé for the sticly resins, 751-64 and 751-121 were poor. However, the

-material balances are close enough in gsome cases, so that the estimation of

retention of resin may be reasonably accurate.

The panel strengths are not unuaually'high. The impregnated sheets
produced panels with greater hardness than the panels formed from beater-added
sheets. How;vér. the water esbsorption of the impregnated sheets was appféciably
higher. Anlittle closer control over resin content would be desirable in order

to substantiate this difference. See Table IV.

Poanels 751-137 and the two panels made up of impregnated sheets were

the best in appearance being lighter in color and more uniform.

The two-gtage resins gave the lowest water absorption results and the

greatest density. Washing the resin in between stages seemed to help.

The best retention (79.1%) was obtained with a two-stage resin which

was washed between stages. The next beat was with the three-stage resin with

the longest cook. In ne case was the retention much better than achieved with

the commercial resin.

Conclusions

P [N —_— [P - - - - ——

Several experimental liquid phencl-formaldehyde resins were prepared

and evaluated as beater additives for paper base laminating.
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L 1¢hé iesultg in general, indicate a slight superiority ia ;ope cases over
the commercial resin, Synco 721, ae to the per cent retained. The differences

are small -and- 1t is-difficult to predict their validity except by actual practice. -

The reactivity of the Synco 721 (Snyder Chemical Company) appears to~

be somewhat greater than most of the experimental resins. It should be noted -
that the measures of reactivity are rather crude and subJect to operator techniques.
This may be the explanation for one experimental resin having a lower stroke

cure time but higher gel time than the control resin.

The two-Btage polymerization techniaque allows for greater control
over water dilution ratio than possible with a glngle-stage alksline catalized

resin,

Washing out the acid catalyst between stages appears to aid in lowering

the 24-hour water abserption by the finished panel.

Polymerization in three stages does not improve the mechanical char-
acteristice. Apparently the initial polymerization under highly alkaline conditions
serves in the same manner as the acid cure stage which serves to carry the resin
toward the water insoluble stage. The final alkaline polymerization increases

the viscosity posslbly by increasing the polymer molecular weight.

- —— -—— - - — - —— _— _—— e — = —_—— e — A — — -« —- - = = e

The over-all appearance of the panel made with the three-stage reain

ecemed lighter and more uniform than the rest of the panels.

These resins show that too low a molecular weight tends to.cause pilling 3

of the resin and sticking on the screen. Advancing such a resin either during

»

thq_gcid,or,alkaline stage reduces the stickinesg of the-resin.
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PAPER EASE LAMIYLTES
(Berter Additioa of Turez #15535 Resin)

I TROTUCTION

For the past few jyears the Institute rag been car.yirg on & general
investigatioral program for the purpoce of studying peper tase lamiaztes. Tkis

er

or

efudy -as 12cliaded lzmirates formed by both metnods of impregnstice end be:
additios. The pain featuree of Interest have teen the azetios of tie resin durizg

e foraction of the sheets, and ultimately the evaluziion ¢f the pressed panel.

Facently, a grsat deal of laterest has centered around the liouid

W

ic resiif &5 Jeater addiiives, The 2urey Flesiics and Chem:csle, Inc.

[

DLeTo
subnitted for evaluation & sample of = resin #12375, wkich they felt showed

umsdgl characteristics as & Yeater zdditive regi:. Alo::

trey included a series of vrocedures reconended for herndling Turez #3i£535.

v

MATZRIALS AT FROCITUZE

th

m © - Crown Zellerbaci unvleacied sulfite-july with a Canaedian Stasdard -
Treeness of 475 has bVees: azed zs ‘e base siock tkroughout this icvestigatioral
work, Two differe:t grecipitating agerts were used to precivitete toe resin--
one coxrtaired 75 grams zlacral zcelec acil znd 5 grans E3Pob d1il.ted to one liter.

hd . ot s - -
Tee otier precipitast was 2 12% solution of 41 _(80,)  .18Z 0.
LA e 2

FORM 73 THE INSITUTE OF PAPER CHEMISTR S
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N P 2 ,
uly 3 Taxe a 3% consistency stock

%

Irougl wabter was added o tle

. . ' : : " Lt
mixture. This was beaten in & £pecial spirzl Deater for 2.5 hours, and 405

PRI Y

(tasis o7 furnieh) Turez #£15337 resin, wiicl had previcusly been diluted to

257 so1ids, was added. Beating was coztinued for 1/2 hour; tken, in cae case,
excugh sodium eluminate was added o reduce the pE to L.4. In the oiker, &
mixture of 7% grams gzlacial acetic scié and 35 grams phosphoric acid diluted

to one liter was added ‘o & PF of 4.8

This stock was ti:en liluted to 0.5% consistercy end sheets were

farrel on dasis of 200#/26 x 28/360. The whit: waler was recirculsted.

The sheels were wed pressed at A5 p.s.i., pariialiy dried for trhree minutes
] i) k] 0
at 2350:. The gheets were ithen coaditiored at 504 R.F. and 73 F.

Penel pressing wes doze gt 3ce°?. -- 1000 p.e.i. and malatalined for

ten rimtes.

Thes Tinished panel was evaluated for dersity, Rockwell M hardness,

ard 24 hour-water absorption.- - - - e — e oL C e e e -

The following table will serve to facilitete an evalustion of the

various precipitaiing agzents used with Iursz 211 15525, In each case the only

change in procedure was in the type of agent used to precivitate toe regin,
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TABLE 1

Evaluation of Dures 15535 Beater Addition Resin

Precipitating Agent_ _ . _ .

75 g. Glacial Acetic A1, (s0, )3 -18 H,0 Fa Aluminate
S g. Phoepboric diluted (12% sol.) %o pH 10
to 1 liter 124 sol. of alum
to pE L.4
1. pH after precipitation 4.6 b.b by
. 2, Drainage time, sec. .o 66.2 15+ mimtes
Method
3. Per Cont Resin A* s4.9 72.1 q
Retention. Mathod E
B . 60.3 - B2.9 E 5 - é
b, € Volatiles ' 6.7 . 8.1 3 g§§
- SEE3
g Density g/oc 1.22 1.40 CER
o3 Boclwell X | v 03T g
59 EHardness 88.1 88.3 k1L se
il 24 hour water e ;aé
£  sabsorption, % 4,04 o 5.3 glﬁ 'EE .
C. S. Yroensss '§£1'G'EE
(resin + fider Basia) 540 320 ce. sovn o
—- - .Panel. Dimensions, cm.. . 17 .x.15.9.x .254 __ 16.6 x 16.6 x .25%9_ __ . _ . _ . _

Note: Purnish - Crown Zellerbach Tnbleached Sulfite - §0%

Dureg Resin 1553% - 40%

‘A - OOD- ﬂheets - wtn 0|D- _ﬁber
Resin sollds added

x 100

B - {0.D. sheets + white water susp. matter) - W&, O0.D, fiber x 100

Wi, Rosin solids

-
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" 032 OF I.P.C. RESIN ?5146Q“(LIQUID'PHENOLIC) S

AS A WZT STRENGTE RESIN?

The feasibility of using liquld phenolic resins for wei strength

nas bteen previously tested and found to be unsatisfactory.

The poesitle use of a low molecular weight phenol-formaldenyde
‘resin of lizited water solubility seened theoretically valid. Suck a resin
was polvmerized by the two-stage tecnnique and evaluated' as a wet-strength
resin, Toe feasibility of gzetting en improvement in dimensional stadiiity

wita such a resin was also tested.

FROCEDURE

Syntnesis of Fhemolic Resin

" The resin used in this work was prepered in & one-liter, taree-neck -

flask fitted with a stirrer, condenser and thermocouple.

The first stace wad cerried out at 1L52180°F, until a flocculent
- precipitate was formed. - The following materiasls were used: --- R
First Stage
400 grsme  Phenol (liquid} 92-94% sclids
2u2 grams Formeldenyde (37%)
20 grams 20% sulphuric acid

Second Stzge

120 grams 20% Na@B
242 grams  Formaldehyde e

TRY
FORM 73 THE INSTITUTE OF PAPER CHEMIS
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The product from the first stage was cooled gad the other

materials were addeé.

" The temperatiure during the second stage was slowly advanced to
.. . 194°F. in a 1little aver an heour then the product was cooled and collected. . |

The beater stick poiat was found to be too low to meesure and the water

dilution ratio was less than 1, The solids content was 43.3%,
Beater Addition of Resins

The resin was added to a bleached ¥raft stock which had a
Canadian standard freeness of 520 and was at a consistency of 2.15. Several
batches were prepared to give approximately 0, 3, 5, 10 and 25% resin. The
resin ves mired with the pulp in a special mixer fitted with & spiral

agitator. The mixing was continued for about an hour to assure good contact

between fiber and resin.

Sufficlent precipitating agent was added to drop tze pH to about

4.5, The precipitant was mede up ss fcllows:

Precipitaﬁt

100 grass  Alp(S0y)4 . 18E;0 (Papermakers alum)
40 grams conc. H339
_ Water to make l liter.

Tre Ganndian standard freeness was taken after the stock had been

diluted to & consistency of 0.3%. The stock was diluted further in the

deckle box in the sheet forming operetlon.

-,

- —— —— - - e e = - e —— - e — e -~ —
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Eandsheet Zreparation

Handsheets were prepared using the 0.3% stccz in an 8 x 3-iach
-.sheet mold. The wet sheets were pressed between wet blotters at 65 p.s.i.
fcr th{ge pinutes and then dried at 215°F, for about fifteen minutaes on a
steam~beated copper cylinder, Specimens from éach batch‘wé;e gi#en-an

additionel one minute cure at 350°F. in an alr circulating oven,
Testing

The prepared sheets were conditioned at 50% R.H, and 73°F, and
tested for basis welght, wet a2nd dry tensile, and NYeenah nyzroexpansivity.
The per cent of hygroerypansivity was determined from the chance in length

in goinz from equilibrium at ?5% R.H. to equilibrium at 33% R.3. The

sheets were preconditloned at 50% and 86% R.E. for the hyzroerpansivity tests.
Reaults

The results are given in Table I and Figures 1, 2, and 3. Table I

gives the average test results for basis weignt, Schopper wet end dry tepsile,

and Neernal nygroexpansivity.

Tigure 1 ziv.s the wet sirength as & per cent of the dry strengst

for cured and uncured sneets contaelnlng different amcunts of resin, [t can

be seen tret the resin appears to impart appreciable vet strengih with

. J:'p b4 °p =)
Incrensed resin content. There i2 a slizht lmprovemert in wet strength in
the uncured sheets, The wet strengit of the cured sheets, however, is muech

greeter than the wet atrength ¢f the uncured sheets,.

-
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TAZLE 1

Beater Addition of Liquid Phencl-formaldenyde Resin

Effect of I,P.C. Resin No, 751-8&on Wet Strength and Hygroex-
pangivity of Bleached Kraft

- Tt T T "'Séhcpp‘er Teasile‘ ’ “Wet T %
No, Code % Resin Basis Wt, Strenzti:z Strength Hygroex-
- e e - - {fiber. - 1bs, y ,lbs,/in. . (% of. Dry) nanaivis-
. vasis) (500-75x40) Dry Wet (Neenakh;
1. Control 751-92-2 Uncured None 83.7 22.3 0.5 2,2 c.b1sg
2, Coctrol 751-92-2 Cured None 81,2 25.9 0,8 3.1 C,395
3 751-90-1a uncured 3.3 38,5 15.6 0.9 5.8 0,475
b, : 751-90-1a cured 3.3 3%.0 15.5 2,8 18,0 0,440
5. 751-90-1 uncured 3,3 104.9 42,5 1,7 4,0 0.530
£ 751-90-1 cured 3.3 54,3 42 .3 £.3 14,9 0,520
7. 751-91-1 uncured 5.6 97,7 42,9 3.4 7.94 0.495 ;'
8, 751-91-1 cured 5.8 101,2 47.8 14,6 30.5 0,480
9. 751-91-2 uncured 11,2 83.5 2.9 0.9 3.1 0.475 ;
10, 751-91-2 cured 11.2 8,2 34,2 9.0  26.3 0.1395
| 11, 761-92-1 uncured  27.3 73.3 35.3 2.9 8.2 0.410" "
12, 751-92-1 cured 27.3 £9.7 37.2 17.8 47.9 0,445

- ———

!
t
|
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Figure 2 ghows the wet and dry tensiles et verious resin con-
tents for cured anéd uncured sheets. Thsre is little difference beiveen

14

the dry texsile of cured_sand_uncured shests, _The cne minute_cure at. . _ . . .

350%F, causes an appreciable imgrovement in wet tensile of the resin-

et e = e e - [ - ch e e e etmnee s - e, - ——

c¢cntainine sheets. The one minute cure .did not alter the wet strength

of the control sheets significantly.

Figure 3 shows the effect of resin on hygroexpansivity.
Apparently & low resin percentaze actually harns tre dimensignzl stabilivy

of the paper. The hygroexpansivity fizures for the control appear a

little low for & beaten sneet of this basis wéight sccecirding t2 & coz-—
parison with bleaczed sulfite. The basis weizchts are givea in 1lbs. per

reen (500 - 25 x L40).
Discussion

" The velus of a phenol-formaldehyce resin for wet strencsth im-

-~

provement is probably limited te¢ specirl applications., The desree cf wet
~ - - vstrengti-echieved with-PheInstitute of Peper Cremistry resin 751=blig-- —-—- -~ --

low a¢ comrered wlth melanire-farmzldehyde znd newer uree-Tormaldenyde type

resine, Also the eure conditisns renulred for the phenoslic vould noi be

achieved on a normnl paper machine cdue to the limitatisas for

the ususl mackine speeds. The cure requirements could very likely be low-

ered thraush the incorporetion of small percentages of resorcinol in the

resin formulatjon.

[
E
o9

- The advantege of & phencl-formaldehyde wet-strengta resin w

probadbly be in applications requiring acid resistance.
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Tre cost of & thenol-formaldehyde resin would nrobably be higher
than thet of a urea-formaldenyde resin since ures sells Jor 5-1/Z cents per

pound es Compared with 19 ceants psr pouwrd for phediol on todaye market.

for.coépérison purpéées Table II is-given showing'the wét strength
acnieved by Rohm and Eass with tneir lztest beater addition resin Uforaite

700 plus 1% rosir size.

There was no difficulty noted in the use of the I[.P,C, resin fHo.
751-6L at the percentages dlscussed, At 67% resin (on a fiber basis) pilling

and aticking to the wire was noticed,

The effect on dimensional s%ability was in the wrong directicn
according to tne results observed in this study. However at the 11,2% (cured)
reain content tre dimensional stabiiity wzs lower than the contrel without

cure and equal to the contrcl whica wes given a one pinute teat trestment

gt 350°F|
TABLY II
" WEP STRENGTY OF BLEACEED SOUTEERN KRAFT* T T
Furnisk Catalyst: 3% glum, ther stoh te pE 5.0
Size: 1% Bosin
Besie Weight: 135 1bs, lzboratory handsheets
Uformite 709 Tensile Strength (28 days cure)
% Resin 1bs,/in. Wet Strength
(fider dasise) Dry Wet (% of Dry Tersile)
0.25 18.3 2.1 11.5
0.50 16.8 2.8 16.7
1. 00 18.13 3.7 20.2
1.50 20,5 L, g 21,0
2,00 20.6 6,2 28.7
3,00 21.8 7.0 32.1

*Data from Rohm end Haas Bulletin on Uformite 700,
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Conclusions

i The use of "1.P.C; resin 751-6& Las_been skown to develop_ .
apbreciable wet sirength to a dleached kraft. With 5.6% resin on a
fiber basis the wet strength was approximately 30% of the dry strené?h.
The resin required an additional cure of one minute at 350°F. in ordgr

to acinieve the wet strength in the paper.

The hygroerpansivity was incressed with a low resin content
it the paper but additional resin to about 11¥ appeared to lower tze
bygrcexpansivity to a value equsl to $hat of unmodified paper. A
further increase in resin content appeared to cause an incresse zcssibly

due to an inadequate cure of the resin.

The value of a phenoclic ;et etrength paper would prcbably be
limited t¢ applications requiring acid resistgnce sirce the cost would
probably be higher than the more efficient commercially produced uree-

--forneldekyde and melamine-formeldehyde resics.
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groups possidly as follows:

A long chain volymer tends to be more easily fused than

a crogss-linked polymer of egqulvalent molecular weizht,

Under alkaline conditions the reaction is somewhat
different with a greater tendency for cross~linking in a very

conplicated series of reactions which are not too well undergtood.

By forrinz a resin in two stages of polymeriszation it was
felt that the molecular structure could be controlled eomevwhat t6 maie
the product more suitable for the iantended use of beater addition.
This apreared’ to 'call for an acid staze polymerization to obtain
madimum flow followed by an alkaline reaction to obtaln hardness

and a fast care,

Two-gtage resins ware guccessfully polymerized with

laboratory equipment in small amounte and were evaluated as "heater®

addititives by comparing their behavior with Sayder Chenmical

Company's Synce 721. . . . .. - C e e e el ol

Procedure
Synthesis of Experimental Resins

Three widely differing resin solutions were prepared by

phenol-formaldehyde condensation using the same proportions of

fv/ew
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phernol and formaldehyde by varying the dezree and conditions for

volymerization,

"'""'""‘""““'“““"'““‘“““"Tye‘lébd?éfﬁfy:§ca16“resin production”was carried out in~ 7 7" " oo
a 2yrex glass resin reaction vessel of four liters capacity., The
vessel was fitted with a Lightain! variable-speed stirrer, straight
tube water-cooled c¢ondenser, 0-200°Q_glaas thermometer and a glass
stoppered port for sampling. ©Ground zlass connections were uged at -
all jJoints, The vessel was heated with a (las-¢ol mantle

regulated with a variatle voltage transformer, The mantle could be

arbstituted by a cold water bash for cooling,
Regin No, 751-27

The following materials were vlaced in the reaction
vessel in the order glven:
1070 zrams Phenol (92- to gh%)

605 grams Formaldehyde (37%)
50 grams Dilute sulfuric acid {20%)

The voltaze on the martle was adjusted 30 that the rate of
heating was not toc hizh, An atterpt was made tc hold the temparature

at 60°C.but the laz in heatinz and cooling caused rather wide

77 7 fluctuations in temberature,”

This material was polymerized to the point where a
definite phase separation was observed after an hour of heating at
60 to 809C, The reaction was continued for arother twenty-two

minutes at a temperature varying between 71°C,and £6°¢. Taree hundrad

grams of a 20% NaOR solution in water were then added, Thig

fv/ew
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dissolved the resin to form a clear = lution, The temprature was
Aropved %o LO®C, and €05 grams of a 375 (by weight) solutinn of
formaldehyde were added at tzis point., A sample of the mixture was
taken and found to have a dilution ratio of 0.8, (This is the ratio

of welizht of water that must be added to give a turbid appearance to

the weizht of reain solution used,)

This nixtare was then reacted at a temperature ranging from
639¢, to 739C, The dilution ratio at the end of an hour was l.1,

The reaction was stopped by cooling the vessel with cold water.

The product had a viscosity ¢f €3. centipoises at 34%% and
236 centivoises at 59%F, at L7,4% solids content, It had a stroke

cure time of 29,5 seconds at 30097, ,

The tH of the finished resin s lation was 3.5 as measured

with the Macbvetr line-operated pH meter,

The resin had a "atick point" (see Appendix for test method)

which wag goé low to"ﬁe &eégﬁiéévb}kihe usaal éechhiéiéé:
Resin ¥o., 751-4€

Thig was prevared with the same nroportions of vhenol and

formaldehyde as No. 751-27, the difference being that it was advanced
to 8 greater extent during the las% or alkaline atage. The resin was

peated two additional hours by ralsing the temperature gradually from

‘e
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o)
809, t5 30°%, This woduct 2a2 a dilution ratio aporoaching zero
=+ -- -as-practically no water of dilution could te added without causng

- turbidity,

In order to get & measure of the "etick point" the resir was
solubilized ny adding 0.6 gram of 10% NaCE, This geve a "stick point”

of bg u%,
Reein No, 751-32

This resin was prepared witn *he same proportion of phenol
and formaldehyde as the others, The resction, however, was extended
durinz the acid stage to 3zive a higher molecular weight before
introducing the caustle and addiéidﬁal forraldebyde, The final stage
was reacted for aprroximately one hour. The product was very viccous
having the consistency of a very soft taﬁf'y. Thig was thlnned by
adding 128 grars of 20% NaOH, The pH was 9.5 azd the “stick point"
wag 459C,  The dilution ratlio was greater than 5. The &iids content” ~ ~

was U0.5%,

Control (S;mco 721)

This was a fresh lot of resin with 50.7r sclids. The
water dilution ratio was 2.1, The "gtick point” was 21°C,and the

pH was 9,45,

fv/ew
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Stock Prevaracion

A Tive-pcund raster baich of bleached axlfite was beaten

-t0 328 Canadian Standard Freemess in tte Nodle-Wood dbeater,

" “The equivalent of 102 zrams of ovendry pulp was uased for -
each trial, The dewatered pulp was dilated to %% consistency in a

avecial mixer filtted with a soiral agitator to minimize stapling.

The equiQalent of 63 grams of resin o 1ids was added after
dilating %1e resin eolution “ith an equal weizht of water. (The
resin was adjusted with dilute (10} NaOH in rans ¥o. 52, No. &b
and No, 52 to perzit dilution), The rulv and resin were slurried for
atout fifveen minutes in order to get good dlspersion and intirmate
contact tetween the reein and the fibers, The resin was then
rrecivitated by adding an acldic precipitant {Precivitant Z)* to
lower the DB to 4,5 to 4,8, The mixing was stovped shortly after
the precivitant had been well disversed (about one minute in the

laboratory mixer).

Sheet Torzation

The stosY was then diluted to 0.3% fiter plus resin
. consistency with distilled water and used in making 8 Wy 2 iach_
sheats, The theoretical basis weizht was anproximately 200 pounda

per rear (24x76-300), The stock was further diluted to about O.1%

*Precipitant K
150 grams Glacial Acetiz Acid
20 grams 85% Phosnhoric Acid
Watar to mags 1 liter

v/ ew
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consistency in tke sheet mdld using recirculated white water,

The #hite water was tested for dissolved and suazpended
golids in order to obtain information on material balance,

The-web—ehéegs were pregaed between ;oisfened blotter?
at o5 psi and then partially dried by heating for three minutes
at 245°F, on a ¥illiads curved covper faced electric drier fitted
withk a glass cloth cover. The moist sheets were tken conéditioned
at 50% R,H. and 739F, The conditioned sheets were weighed in order

to obtain information for a materizl “alance.
Laminating and Teating o

The sheets were conditloned at 50% R.E. and 73°F uyntil the

welght was fairly comstant (within 0.2 gram), This usually required -
fror three to five daya. One sheet was then divided in two and used "
"

to obtaln the vercent volatliles® and the ovendry welzht,
.The rest-of the-sheets were then laminated into a panel - - = oo

a%t & wesgure of 200 psl for ten wiputes at 300%F, The pregs was

loade! hot and unloaded cold in order %c¢ minimize distortion,

The panel was trimed and the specific gravity was detarzined

from the welght and dimensions,

*See apvendix
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Table Io--Characteristicas of Zxverimental 3eater Addition Hesin

: I tStrexe :Dilutiont Stick
-Regin -. - i- — . Deseription . . Solids- pH :_Care : Ratio :__ Point
Ceatrol Synce 721 ‘Commrcial Reain ' 50.7 9 H5 : 2,13 ¢ 3%
151-27 !Two-Stage Polymerization ¢ U7,b 39.602 29.5 0.u very low
751=132 'Two-Stage Acid Advanced ¢ 46,6 9 50 5.0 450
781k !MTwo-Staze Alkaline Ad- Phe,s =9.h5= 10,5 P 4g,u0C ;
vanced : s ; : :

Tavle II,~~haterial Balance "Beater" Addition.of Hesin

Run :  Resin  :hesin 501ids:0.D,:Precipi-ilotal: #t. : ..loss to :Total : %
Na. ¢ Tyve : tPulp: tant :Inpat:Sheets: White Water { Re- ! Re-
; : : ; : 80 D e me=ee_icovereditenti-
: : H : : ugpended:Disgnlved :
Grame t G, ! Grams rams:Grams ! Grams ¢! Grams : Grams @
Control 4G:Syncc 721 :€8 .102 ! .85 .170.,- 130., 12,2 ¢ 28,k :1179.9 : 89.,%
Control 57:Synco 721 68 1102 ¢ L83 .170 z 13k, 7 -— b e D= -
- a=i7S1-27 08 1102 1,72 170 7 13k, o 12.6 26.2 171.8 & T.,b
27:151-27 168 1102 ¢ 217 172,28 1 ho.e. e S .
521 751~27+¥a0H: ﬁ3+1.hjsaoa :102 P 1,51 :172.9: 12,8 9,1 : 31,6 :17%.8 : 5,7
5= 751- 27+NaOE 68+1,LINaCH 102 1.58 173 0 131, 7 — - - -~
" qu751¥32 - :68 ST 102 1*67""171 7 139:9: "1esh - 1 2h.0- - 47‘ 5 - 7“ R

Elia; 7e1_LE 168+ ,0TNaCGH :102 : 1,3k -17a_5_ 15,7 4,2 ¢ 21.0 :100., P -
*The drainage was very slow with this stecks

fv/ew
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Table III.—-Papef Bage Laminates With "Beater" Added Resin

Panel : Reain ; % Resin % Specific {Rockwell Y ; % Water
No. . Type [ ~" —TrTmommoess : Gravity : Hardness .Absorption ; Comments

'
R
S L ALt R 55 F  T AL DU Y DS ; o o e o e e e = e

Control 49 :Synco 721 HE 1Y B ‘7.2 : 1,08 : Lg ; 15 :Poor bondi ng

» + . . .
———— . s o At o o o i e T i v Wt o A B e e h o iy

Contrel 57 :Symeco 721  : Lo : 7.2 : 1.1 by : 16 10K é |

g T Sy, f——— g W —

35 7R1-27 : 40 ¢ 8.9 0 1,00 : 32 : 17 :Boor reein distribution

e e e 3 e o e e A 8 i e i O o e o o e B e i e A e e e ) e S o
.

37 75127 : b0 ;. 6.6 §,X : L6 : 28 :Poor resin distribution

o e e e ¥ i 0 o o e | = § e L 0 e i e § o e O e 0 o i ST s 2 £ e . e i 8 e . s e e e ot A
1 .

'S

52 :751-27+NaOH ¢ 40 : 6.6 : 1,08 : 45 : 15 :Poor bon&ing.

- —

[

: : : P : : 0.K. distribution

. .
.----,-,,--_--;-__n-:--_---___.-u-ﬂa——ﬁ--_._“-__-_-—--:--,_*_-_*-*;‘iv-‘-____-_-_—-_a_-___

58 :751-27+NeOK : 40 : 6.7 : 1.0y 47 ;o 16 sPoor bonding

. -
- i s ) om et e | e — — -, ] e R v e e ] e ———e et e —— e —————————

Ly 3751-32 : ho : 7.7 :  1.1e : 51 ; 1b 1 CX

- —
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Sesulte and Discussicon

The resin characteristics are summarized in Table I,

It apnea;s as though the characteristics of the exverimental resins
have brédketed'tﬁa§e of the commercial resin in all aspécés save
the solids content. The solids content could undoudbteidly bte
adjusted without too much difficulty. The ©E ranged from 9,45 to
9.60; the dilution ratio from zers to over 5.0: and the "stick voint"

from a value too low to be si gnificant to 4o,u%,

The material alance for the "heater" addition {3 ahown
in Table II, Only one of the exverimental resins suffered as much
lasa in dissolved solids as found for the commercial resin., The

sazme vulp was used in each case and dlatilled water was used throuzhout,

Tre rete:tién figures shown are darived from the weicht
of the over dry sheets plus the white water suspended solids
‘ assuming 100% fiter retention. The retention for run No. 54 is not
given since the material valance was too fer off to make the
retention calculation varid, However, the white water sclubles
would tend to indicate that the retention should be guite

comparatle to runm No. 4L,

The resia distribution for the acid advarced resin avvears
to be slizhtly better than that of the comrcercial coatrcl, Photo
mcrograzha 2¢ the tlank fibers are shown in fizure 1., the Synco 721

2

control in fizare 2, and the acid staze advanced resin in figure 2.

All were taken at X100 with bright field tllumination.

fv/ew
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The material balances agnear %o be fairly satisfactory

in all but one case, In this instance the reain causeﬁ slow

- - - a— - - — [

drainage and the sheets were held overnight be*ween blotters.

Avparently the transfer to the blotters was excessive,

The evaluation of the panels is shown in Table 111, For
this vreliminary study the criteria used for evaluation are the
speclfic gravity, Rockwell HBardness and twenty-four hour water
asorption. At the 13w pressure used the differences achleved ia
specifiz gravity are not very great, -in fact, the di’ferences
betweer duplicates is almos: as great as the total range, The
Rockwell Hardness t2st does appear to zive siznificant differences.
Tbe lowest molecular weigzht experimental resina gave the poorest
hardness. Improving the resia 4istribution by increasing the water

tolerance throuzh she addition o zaustic seemed to help a little

The more advanced resins gave the greatest hardness values,
The Iizhest vdlue was for the reair whish had been advanced an the -
alkaline stde durinz polymerization ia the reaction 7essel. The
next nighkest hardness was for the resin waizh 1ad beea advan ced o

the greater extent on the acii si-e,

The water absorptionwas“PIghfor the eatire series, This
is due largely to the very low laminating vressures used in pressig
tbe panels, The test (lowest) water abgsorptiion was achieved with

the two experimental resins which had been advanced t¢ he Ircatesy

fv/ew
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degree during their production, The best water absorption was

with an exverimental resin which gave 30 slow a drainsge toat it

wold-be- imractical for,commerqiay_app;icatigps.

- Canclugt ong . .

The objectives of this atudy were apparently achieved in
that new veater addltisz resins of improved flow and reteation
have bteen synthesized »7 allering the conditions of polyzerization.
Larser scale tests would ve indicated to ascertain tne validity

of the small scale laboratory fiadings,

The water tolerance has been found to be izne-tant in
detsrnining %ae resin distribution on the fiders. Too low a water
tolerance aprears to cause poor resig distribution, The water
tolerance can be adjusted through the techniques nsed ia polymeri-
zation and by the use of smell amounts of cacstic where the wa-er

tclerance is too low to perait zood emilsification in the beater,

The "stick point" was found to be a valuatle taet €4 - - - .
predicting "pilling" or reein agzlomeration and sticking to the
wire. However, by adjusting the water talerance of a low gtick

- point resin with caustis 1t was found that "pilling®

and sticiking

are zoinimized.

The resin retention achieved was far from satisfactory,
Further work in this Aireciion, vossivly ugl nz radicactive Isotopes

for studying desres of retentiorn, woald he very valuable.

fv/ew
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Apvendix

Stick Point .

Measure out 380 ml, »f cold (LO°F,) water into a 1000 ml, beaker,

Welzh out 10 zrame of resin in a 100 mi, beaker, Add 10 grans of
distilled water, Stir well to insure complete soluiion.

Add the diluted resin to the cold water, Washing out the small beaker
with geveral small additions of water from a waash bottle, 3tir at a
constant rate,

The pH of the suspension is lowered to 4.0 with Precipitant .

The resin forms a very fine floc at this point and ie kept in suspersion
by gentle stirring. Apvroximately Y0 volts on a laboratory Lizhatrin'
Mixer has been found to be satiefactory im our laboratory.

The Yeaker and its contents 1s heated aently (with a fairly a1l
flame but with the air practically off).

The texmerature at which the first tendency for the turbid
guemensicen to nlazr 1s noted. The final temperatuare is noted when
the susteneion becomes -~lear,

Per Cent Volatiles

- -l""-,‘ ' ",
% Volatiles = Conditioned Wt, - Wt, after 10 xzinutes at 160°C,
: Conditioned Wt, x 100

fv/ew
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