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ABSTRACT We studied the effect of aluminum sulfate (papermaker’s alum)
and pli on the retention of radioactively labelled tetradecylketene dimer on
paper. Adding alum during sizing with the dimer leads to a loss in sizing on
the sheet. This adverse effect of alum on alkylketene dimer sizing arises from
a complex formation between the dimer and the adsorbed aluminum species
on the fiber, 'This theory is suggested by the ionic mobility of the crystalline
celludose in the prresence of alivm and our resudts from the solvent extraction

of the dimer-treated sheets.

Papermaker's alum (hydrated alumi-
num sulfate, Al(SO4)aa 1150, where
= 14. . .18) is extensively used as
retention aid in rosin sizing systems
(1). Mowever, nlum is detrimental to
the development of slzing in the case
of alkylketene dimer sizing (2-4).
Alum adversely affects sizing cven
though the dimer is retained on the
ghoet of papor. Therefore, it (s the
mechaniam of retention of the dimer
in the presence of aluminum lons that
must be interforing with the develop-
ment of sizing.

When aluminum sulfate is added to
a papermaking medium (usually
water contalning cellulosic fibers),
both the dissolved and precipitated
aluminum lon species arc absorbed
onto the fibers (5). Complete absorp-
tion takea place because hydrated
aluminum sulfate is completely disso-
ciated into hydrated aluminum ions
and sulfate ions at a low concentration
and is partially dissociated at other
concentrations. In the solid state,
hydrated aluminum sulfate is com-

OO

pletely fonlzed, and the aluminum jon
s coordinanted to six molecules of
water, thus being separated from the
. sulfate ions within the erystal lattice.
Alro, in water, nluminum ions are
. hydrolyzed readily and reversibly into
~hydrated species (5).
' Papermaking fibers are cellulosic
_in nature. Prior to sheet formation,
they are usunlly refined (o become
fibrillated and are cat into smaller
pleces,. theroby ereating o wide ndhe-
" alve surface aren for the retention of
paper additives. Alkylketene dimers
nre made from fatly nclds, such as in
" the renction Involving hexadecanole
ncid Lo oblain tetradecylketene dimer.
(Sce the appendix.)
t As sizing agents, the dimers are
| effective in neutral and alkaline condi-
. tions. Rosin, conversely, requires an
- acid medium. This gives alkylketene
dimer size the advantage because the
neutral or alkaline condition of the
product sheets enhances the durability
of the paper (7). Althangh its mode of
retention and sizin: development has
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been generally attributed to the renc-
ton with the cellulosle fibers at the
hydroxyl groups to form ap-keto ester
bond (9), the evidence (o justify this
nssumption conclusively has not been
substantiated (6).

llere, we examine the retention of
tetradecylketene dimer on paper
made in the presence of aluminum
aulfate. Wo propose the mochaniam of
retention of the dimer nnd nliumimnn
ion apecies on the sheet, Rhowing how
the presence of aluminum lons Inter-
ferea with the proposed mechaniam of
nlkylketene dimer sizing.

Results and discussion

Variation of size retention, water
absorbency capacity, and
penetraition tlmj

“Tables I and 1) and Figh. 1-3'$how

the effects of hydrated ‘aluminum
sulfate on alkylketene dimer reten-
tion, water absorbency capacity of the
gheet, and penetration times. Both .

unextracted and solvent-extracted
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sheels were internally slzed with
radionctively labelled tetradecylke-
tene dimer. Bach stock preparation
conlbnined 2.24 myg of the Inbelled
tetrndocylketene, nnd sheota wero

mude with two levels of alum addition |

in the atock, 1-10% (0-0.28 x 10+ moles
of alum Alz (S04)a x 8 11:0) and 0-80%
(0-2.4 % 10-* moles) based on dry pulp.

The unextractod sheets, The re-

sults show that the retention of the
dimer decreased from 67.4% to 46.1%

(Figs. 1 and 2) as the concentration of
aluminum sulfate In the stock in-
creased from 0% to 80%. 1lowever, the
pll decreased from 5.7 to 4.4 (Table
II), and the specific retention de-
crensed by L17 mg/g to 0.78 my/g
(Fige. 8). (The units “mu/g" refor o
millgrama of tebradecyliotone dimeor
per gram of prpoer).

"~ At n low pereentage of alum addi-
tlon (0.26%), the penctration time
(ecrensod rapidly and then gradually
o 2.7 8. The wnler absorbencey capnce-
Aty increased to 1.12 g/g at 80%
‘nddition. When we compared these

results with the control sheet slzedj
wilthout alum (1.00 mg/g retention, 30

‘8 penetration time, and 0.61 g/g of
water absorbency capacity), we found
that the sheet was not sized even

though there was enough retention of -

tetradecylketene dimer to have
ceansod sizing to davelop. The resnlts
show that alaminuny sulfato has Hitle
effect on the retention of tetradecyl-
ketena dimer. TTowever, the alnm
greatly reduced the extent of sizing,
heenuse o retention of 076 mg of
tetradecyllketene dimer per gram of
paper should have been adeqgunte for
sizing to develop in a sheet made
without nluminum sulfale (6).
Soelvent-extracted sheets. The
apeeific retention, 0.04 mg/g of the

nonsolvent-extractable size in the'

sheet made from 1% and 2% alum-
tregted stock was lower than that of
the tohtrol sheet (0.09 mg/g) (Table
JIN). Dhuy, nlum-treated papers rond-
1y lost the sizo on extraction. The teats
for both the waler absorbency capac-

ity (1.47 g/g and 1.60 g/g) and the

penetration times (2.7 s and 2.8 s)
confirmed that the extracted alum-
treated 'ah\OQ s were not aized at all
(’l‘ubl{a lV)}

S i %
The cffect of n change In"pll

The dissociation of aluminum sulfate
iu water decreases the pll of the

'Bolﬁtton (5). (Sae\the appendix.) Table -
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I, Retontion and dogroo of slzing of atkylkolqno dimor In the presonco of alum (0-10%)

Tolnt
roton- Raten- Roton-
Aluim, ton, ton, malg tlon,*
N W— L .. ; i
0 5.8 o o i
0.0 5.0 1.54 117 674
05 54 1.24 0.98 554
1.0 52 1.32 1.06 50.9
20 49 1.24 0.99 554
3.0 40 1.20 0.95 536
5.0 46 1.21 0.96 54.0
100 45 1.02 0. 454
"Based on 2.24 mg of lnbnllod tetradecylketone dimar acdad 10 the stock,
: : i
! 1
.
| |

Walry Ponn-
absorthoney — fiatlon
capacily, thne,
99 s
216 0.60
0.65 2090
0.65 6.65
0.75 900
0.76 8.02
0.72 8.65
0.60 08.00
0.88 6.30

I Rolontion and clogroo of slzing of alkylketona dimor In the prosonce of alum (0~B0% based

on dry fibor In tho slock)

Total
d rolen- Reten- Reton-
Alum, . tion, tion, mg/g tion,

G R e
0 57

0 57 1.39 - 100 62.1

2 5.0 1.22 0.90 54.5

10 4.6 112 0.80 n0.0

20 1.6 1.07 077 47.0

10 4.5 1.03 0.76 46.0

GO 1.4 1.02 0.75 454

00 1.1 1.01 0.75 45.1

"Bagad on 2.24 mg of Inbollad Inhadncylkatona dimm addad o the slock

Waler Pene-

absorbency  tration
capacily, time,

g'q s
210 09
0.51 300
0.0t 6.6
0.96 4.9
0.7 10
077 1.1
0.96 14
1.1 2.7

H1. Tho offoct of extracllon and hydrolysls on the retenlion of size on shoels mado in the presenco

ol alum

Unextracted shoet
Specliic rolonlion, mey/g ’ 1.00

Rosidual rolontion, % / 100

Solvent-oxtractod shool (G h)
Specilic relention, mg/g 0.09
Residual retention, % 8.3
Noulral hydrolosis (6 h) and
solvent oxiraction (6 h)
Spacillc rotlontion, mg/g 0.05
Roslidual rotontion, % 4,60

unextracted sheot tatention.

Alen, %%
1

0.723
100

0.04
55

0.02
277

2.26 myg of telradacylkatene dimer added 10 the stock per hanrlsheel. Reskdual tatention Is basad on

0.720
100

0.04
5.6

0.02
2.78

(S TRE RRE B P



¢ 1. The varlation of slze retentlon and penelra--
! on time with alum addition (0-10%)

&

2. The varlation of waler absorbency capaclty
.. and penetration time with alum addition (0-80%) _

.3, The variation of slze retention with alum

_ addllon {0-80%)
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" IV. Tho oflect of oxtracllon and hydrolysis on walor absorbancy capacily and the ponolration
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‘ ime of shoels made in the prosonce of alum

Alum, %

T, o 0 ! 2
Unexiracted shonl

Absarbency capaclly, ¢/g 216 0.63 0.70 0.66

Panatralion timo, 8 1.0 300 9.0 8.0
Solvenl-oxiraclod sheet (6 h)

Absorboney capaclly, /g 2.22 0.80 1.47 1.55

Penetralion time, s 0.1 174 2.7 25
Neutral hydrolysls (6 h} and

solven! exiraction {6 h)

Absorbency capacity, g/g 3.0 24 28 2.7

Penglration lime, 8 0.10 101 0.60 0.60
2.26 mg of telradacylketene dimer addad to the stock per hondsheel,
"For tha control (unslzed) sheol,

v apdd Flg! 4 c‘)npnrc the results of
‘nedjiiating the pll of the paper with
sulfurie acld, ncotle actd, and alum
solutlon. The specific retontlons of
tetradecyllketene dimer on the unex-
tracted sheets made from stocks
adjusted to pI1 5.0 and 4.3 with acidic
acid were 0.84 mg/g and 0.76 mg/g,
respectively. The values for stocks
adjusted with sulfuric acid were 0.86
mg/g and 0.80 mg/g, respectively.
‘The specific retentions of the alum
:system were 0.67 mg/g and 0.38 mg/
g at the two pIT values.

Thus, compared with the alum
sample, there was o much amn]lerl
‘change in retention between the
control anmple (0.956 mg/) and the
sullunric-neld-trented paper—a diffor-

NOIFR NS

ence of 0.19 mg/g at a pIl of 4.8. The
“snme was true for the anmple treated
“with aeetie acld, with a difference of
0.16 mu/ nb a pll of 4.8. Thia differ-
enco for the alum-treated sheet was
0.67 mg/g (0.95 mg/g - 0.38 mg/g),
showing that only 40% of the amount
retnined by the control sheet was
“retained when alum was present. The
‘water absorbency measurements
(11804 = 0.72 g/, ACOOII = 0.53 g/
'g, and control = 0.68 g/ at pIl 4.3)
cindicated that the sheets were still
fairly well sized. In the alum-treated
paper, the water absorbency capacity
increased Lo 0.81 g/g at the snme pll,

showing that the sheet was not sized

at all. The testa for penctration time
conflrmed the anme vartation. Both

the residual retention and the degree
of aizing of the solvent-extracted
sheets showed a pattern of variation
similar Lo that observed with the
unextracted samples.

Hydrolysls of tetradecylketene dimer

In neutral hydrolysis of the nonsolvent-
exiractable size on the alum-treated
sheets, the residual relention reduced
to only 0.02 mg/g (Table TII). This"
amount is only 40% of the amount
retained in the control sample, which
-had passed through the same process
of hydrolysis for 6 h. Therefore, the
_residual nonsolvent-extractable size in

alum-treated paper hydrolyzed much

‘more readily than the nonsolvent-
extractable size in the control sheet,
The hydrolyais product obtained
‘after 6 h of hydvolyais of the alum-
treated sample was identified as
methyl 2-tetradeeyl-oxo-octadecannte
(palmitone) (6). Such n compound was
idontified an the produet of neutrnl
hydrolysis only after 160 h and ns the
product of acid hydrolysis (sulfuric
acid) only after 24 hours. Thus, the
presence of acid also inerenses the rate
pf hydrolysis of tetradecylketene

Electrophoretic mobility of
microcrystalline cellilose

‘Microcrystalline cellulose consiata of
negatively charged particles. In an
electrophoretic mobility apparatus,

,they are attracted to the anode, with

the measured mobility being affectod
by the niza of the particles and the pil
of the medi\nn of flow,

Crpy e,
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V. The effect of pH on relention and pontralion time in alkylkolene dimer sizing

| |

MiG2
Unsizod Sirad PH 6.0 ; Pt 4.9 ;
control conlrol ACOOH H,S0, Alum ACOOH H,S0, Alum
Unexlracled sheel
Retonllon, mg/g 0.95 0.85 0.04 0.67 0.80 0.76 0.38
Relative retonllon, % 5 100 88.5 88.4 705 84.2 80.0 40.0
Absorboency capaclly, g/g 22 0.58 0.52 0.70 0.62 053 0.72 081
Penelration lime, s 1.0 1726 801 97.1 19.6 31.2 301 10.0
Solvent-extracled sheet (6 h)
Retantion, mg/g 0.15 0.14 0.14 0.07 013 0.13 0.05
Rolallve retontion, % 5 100 033 83.3 48.7 08.7 86.7 333
Absorbency capacity, g/g 2.2 0.59 0.60 0.62 10 08 0.95 102
Penetration time, s 1.0 109.7 7.30 55.1 1.7 8.7 6.4 1.7
2.24 mg of tetradecylketene dimer addad 1o the stock per handshaeni,
i I | |
Tul&le Vl'brcscnts the mobilities of Conclusions 4. The varlalion of specilic ralention of letracle-

the mlcrocrystallme cellulose when

‘the pIT was adjusted with sulfurie.

acld, ncetic acid, and alum solution to
pll 4.3. These values were 89.56%,
87.6%, and 31.3%, respectively, of that
of the control run at a pII of 5. In this
way, the presence of aluminum ions
contributes to the decerease of clectro-
phoretic mobility of microcrystalline
cellulose.

Looking through the line of flow, we
also observed that the particles in the
alum-trented system became congu-
Inted, Inerensed in aize, and finally
dropped out from the line of flow o
tho anode. These observations may be
explained in terme of electrostatic
ntiraction between the negatlvely
charged microcrystalline particles

and the positively charged aluminum !
species in the cellulose sol. Because of .

‘the difference in charges, the two

Iparticlea flocculato to form bigger
tparticles that slow down their mobil-;

Aties. After congulation, these parti-
cles drop out of the line of flow.

This experiment was performed to
‘illustrate what might happen in the
papermaking stock containing many:
fines and aluminum ions. Jaycock and
‘Pearson (8) have also obscrved that

fines in a fiber furnish that contains |

‘aluminum sulfate became flocculated
st before adsorption onto the fibers,
lending to uneven distribution of the

fines or other similarly charged

additives on the paper surface.

BVEN 1°OLTO

Firat, poor sizing development in the
alleylketene dimer-alum system (Ta-
ble IV) may be caused by poor anchor-
age and uneven gize distribution on
the fiber surface. These inadequacies
may be caused by the preferential
adsorption of the cationic starch-
stabilized tetradecylketene particles
on the poritively charged aluminum
ion in the stock. Thus, a smooth
monomoleculnr layer of alkylketene
dimer (such as tetradecylketene di-
mer) did nol. develop, nnd such a lnyer
I8 necensry for sizing development.

Second, the fact that most of the size
in alum-treated paper was readily
extracted with chioroform (Table TIT)
auggests that most of the dimer
molecules were not directly attached
tothe cellulosic fibers by any chemical
bond. Therefore, aluminum jons must
thave interferred with  such
{interactiona.

Third, since retention was reduced
and slzing was lost when the pII of the
istock was adjusted with alum solution,
ia8 opposed to the case of acids only,
xthe presence of aluminum fons must
affeet the general orientation of the
‘sirc particles on the fiber surface. The
Now mobility and coagulation of micro-
m ystalline cellulose particles as ob-
fperved in the clectrophoretic mobility
inpparatus tend Lo support these
‘obscrvationa.

" These results shoud be consiatent
‘with the mechanism of alkylketene
dimer size- nlunﬁém‘m ion retention

{
i
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proposed n( Fig his figure illus-
trates that'ip the pager making medi-

cytketens dimer with slock pH

© ACOOH
12y o H,S0,
om A Alum
=
g 1.0}
= ® Control
2 0.8
= o08fF
i - Unextracled
[ samples
& os}
o
U
O 04}
D !
= 02} Control
oL Extracted
samples
0 1 1 L 1
3.0 4.0 50 6.0 7.0
pH

um under consideration, different
aluminum fon apecies in the ayatem (5)
can coordinate with water molecules
cellulosic fibers, and alkylketene
dimer molecules. (See the appendix.)
However, the water molecules are
driven off when the paper is dried,
leaving coordination with only the
celluloale Mbera and the dimer,

By this orvientation, there is no
direct interaction between the cellu-
losic fibers and the dimer for a
possible chemieal reaction, which is
generally assumed to be the mecha-
nism of alkylketene dimer sizing (1--
3). In this way, the presence of alum-
inum sulfate in the stock inhibits the
formation of the proposedf-keto ester
bond betwecen the fibers and the dimer

oD G T
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Vi. Tho offoct of pH on alectrophorolic moblilly 8. Posslble coordination mechanism for the  Literature cited

of microcrystalline collulose relention of alkylkelene dimer by cellulosic ibers -
1. Internal Slzing of Paper and Paper
Eleciios @ n i : mv{l':gq(sl\\vu‘nmn. lJmW Fl), 'TAPPI
shoratic \ ! H L) ’ 134, Allnntn, 1§ ‘ g
i —Cu_ O~ - 2. Davis, J. W., and 7COAUTHORS?
mobility, H Sl T Tappl 39(1): 2(10560)
Adjusted Ux100 .Y . Tappl 3%1): 2(1960). X
H with mal(s*V) 0”0 3. Welsberger, C. A. and Henford, C. B.,
... . SRS K. - o 5 2 Tappi 43 (12): 178 A(1960).
5 18 2y H)gol ‘4, Davison, R. W., Tappt 68(3): 48(1976).
43 ACOOH A2 HO—Al----9o 6. Priest D. J., Alum usage, in PAPEX '82
" ) P i Int. Paper Industry Tech. Association
43 H,S0, 4.3 H~g Hwp Conf.  Papers.  TSPONSORT.
43 alum 15 6. Roberts, J. C., Garner D. N., and

Akpabio U. D., Sizing and thé mecha- |
nism of alkyl ketene dimer sizing,
Trans. of the 8th Fund. Remsearch .
s ! e ’ Symposium at Oxford 2, TSPONSOR?,
: T 7 Oxford, England, 1986, pp. 8156-837,

5 e A 1121-1124,
\ 7. Akpabio U. D., A study of control of

| 4 water penetratlon in paper by diketene
' . — I 4 derlvativen, PPh.D). thesls, U.M.LS.T.,
‘ | Manchealar, U.K., 1985,
- 8. Seccond Report of the Pulp Fvaluation
" molecules during sizing. Thus, the  The handsheels were formed from ('3‘"“'“_“""' lo the "“"‘"""l'\"“' Haction,
= presence of alum ia detrimental to the  Kajuani sulfite pulp after 3 min of ;g{’.ﬁ;g’g&?{‘q cIry O,’;mﬁll'.«tl)\",';j
development of sizing in papera made  beating in the Medway Benter, ac- | o i
with alkylketene dimer (6). cording to the British standard (8). et 0
The abrorhency enpaclty lesl was
Materials and methods carried out by immersion method, Recelved for review Aug. 9, 1088,

while a Iercules size tester was used  Accepted November 8, 1088,

The radioactively labelled tetradecyl- in determining the penetration time.

ketene was aynthesized by the Roth- - Solvent extraction of the sheet was

man method (?) using radioactive  done with ¢hloroform in roxhlet ex-

hexadeeanole acid. The cationic starch-  traction apparatus. Retention was =
stabilized emulsion of known specific  determined with a Lignid Seintilla-

activity was prepared from the ra- tion Counter, type LBK (Wallace)

dioactively labelled tetradecylketene 1217, Rackbeta, using a 2,6-diphenyl-

and cationfe stnreh by heatlng the  oxazole primarvy selntillntor and a 2,2-

atnreh at 80°C for 6 min before passing — p-phenylenc-bin (h-phenyloxnzole)

it twice through a homogenizer. - aecondary selntillntor.C)
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Appendix: chemistry explanations ‘ / ,
Alkylketence dimers Aluminum sulfate T B
Thealkylketene dimers are represen The dissociation of aluminum sulfate N
ed by o takes place as follows: :

R-CH==C-CH-R - C ALSO,—>2A1 43802 (1) T LY ol
" iy o0 o (
i The hydrolysis equilibrium of | i ™ /' ({)
where R is an organic group. aluminum ion hexahydrate is: ~0p---- Al — OH
e . _ T S
These dimers are made from fatt [AKHAOWP 1 + Hy0<—> 2
“neida. An example is hexndecanoh [AKOT 000 + 350, @ | 29 P
neld (Crq HnCHLGOOLT), whieh undor . L H HH M
- goea reaction to yield tetradecylketen  Proposed coordination bonds for the
dimer: hydroxy aluminum ion pentahydrate
CyHae CH==C-CH-CyHy,. - reshown in Fig. 6..
P Zoaiiie
O AT b ‘
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