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CHAPPER I .~

INTROVDUCT'IO'N:-” A

Purpose. The purpose of this thesis is to determine ;; RERE
whether or not chlorine dioxide can be used to an advantage
for bleaching deinked peper stock, in a single stage bleaching

process, to a. high brightness.

To justify the use of chlorine dioxide in place of chlorine :ng‘”
‘it will have to be shown that the quality of the paper stock
can be improved greatly in strength, cleanliness and uniformity 1Tf(ff;“;'"b:

as compared to that obtained from hypochlorite bleaching.;,;g‘«f‘v

By the improvement of uniformity the paper stock can

'be relied on to be, approximately the same from day to day.‘t9f55;55“'nn

"~ Higher strength yield would possibly allow the management

of the paper mills to uee more paper stock and less virgin

pulp, in atvleast sore furnishes.,ilj;;~};




~ has been limited to virgin pulps.

oI

LITERAqusfébévEYigfg"

_ Much work has been done with chlorine dioxide 1n general,
'%'\and in the field of bleaching celluloee with chlorine dioxide.Ar

The cellulose bleaching with chlori e dioxide, up to date,;;

There has been very little,;
if any, work done on bleaching deinked paper stock with J
: chlorine dioxide. At the present time deinked paper stock

is bleached with hypochlorite.&~:fgfﬁuu’

Thie literature survey will therefore, deal with the;
properties of chlorine dioxide, the advantages and disadvantagee

in the virgin pulp industry. “f!;éﬂf;ﬁ

It is hoped that chlorine dioxide will be a8 good for SR

the deinking mille as it has been and will continue to beyfor ;:"'w

‘the virgin pulp industry.

A brief history of chlorine dioxide. About 100 years

ago Mellon obtained a gas by the partial reductlon of sodium
chlorate. Hellon identified this gas as chlorine trioxide

(01203) However, in 1881 Garzarolli-Thurnalackh showed the

gflgae to be a mixture of chlorine dioxide and chlorine.1

mm .

This gas has, for many years now, been known‘to have the‘n s

" property of being capable of - bleaching pulp to a highf

'obrightnese without attacking thee“cellulose to any grea

{ extent. The reason it has been kept out of the pulp and paper




'ff;findustry ie becauee of the explosive prOpertiee and high cost

of manufacture.

New methods of manufacture are changingtthms picture

”:ua liquid.' The gae, when dias,lved inf

:118 2°C. When the: concentratlon of chlor1

.iioff by sun light, frlction, organic matter or ‘almos any

2. f‘

fi?other diaturbance.
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=;the gas;cannot be cooled or compressed into eit

' gases or liquids.
_from manufhcturer to consumer;

or a 47 chlorine dioxide gas. mixture.”

*ymasks may be used for protection when chlorine: dioxide is

't,in the atmosphere.

chlorine dioxide are recognized andvrespected;i canfbe

'isafe and valuable chemical.h

Because of this explosive nature of‘chlorine dioxide,

. This makes it uneconomical to ship chlorine‘dioxid

If chlorine diox1de xasTto

be shipped it would have . to be'shipped in a water solution ,

2 ,‘Advantages of chlorine dioxide




1g‘first ten to fifteen minutes of bleaching.v For example, 2

i enough to attack the lignin and coloring matter of pulp,.yl”
.yet not high enough to attack cellulose.. Chlorine not only

‘L‘attacks lignin and coloring matter of pulp,,but also attacks

' \the cellulose. Therefore, pulp bleached with chlorine dioxide f\f‘ff

shows less degradation and, consequently, gives more strength
and higher yields. ' i
Samuelson, Olof, Hartler and Niles showed that hypo-5tb*

->chlorite bleaching increases the carboxyl groups of the pulp

vin alkaline and acid bleaches.; Chlorite bleaching affects

_.the carboxyl groups the same way below~a5pH 4 while chlorine:g;__

_“tdioxide has no change in: carboxyl groups, unless pre-bleaching

5‘_:

‘:With hypochlorite or chlorite has been carried:too far.; r}‘ffk- .

Chlorine ‘dioxide bleaching usually improves opacity,‘ﬂlrfff*l;:ih

":alpha cellulose content, reactivity of the fiber, bleaching df,
.5control 6 dirt count, brightness and strength.7,3h;:hl], »
"“ “Flash bleaching" can be obtained with chlorine dioxide;

"That is, most of the brightness increase is obtained in the :

_ Table I of "Bleaching Pulp With Mixtures of Chlorine Dicxide'
‘_and Chlorine by Ge P. Vincent shows, in one case, an ‘”'*”N”
‘:increase in brightness from 70 0 to 82 4 the first ten

‘ minutes, while at the end of two hours the brightness was

‘ only up to 84-5 This was accomplished with northern kraft‘Jm’ut"i”' i

‘ at 5% consistency, l 0% available chlorine applied, pH 9.

L}-and 100o F.A The available chlorine “as obtained from a. f




"‘ﬂmixture of 2 5 parts chlorine diox1de and-1 part chlorine

 atosite, o

- are 'm.oi’.e r

rjmay be very high in brightneea,»

) _‘drops appreciably. This drop in brightness;is not so

Where chlorine dioxide or

dioxide is used to. some extentﬁ¥:ffnﬁﬁ
"aa a final etage for bleaching
'alpha pulps.6 It ia alao uaed?\’

"=;vRiegel Carolina Corp, Acme, N;?f'




faome sulnhite manufacturers to answer the{chall,(

lbrightness kraft pulp and retain markets whicl’woul otherwise
, have been lost.“14 | |

How chlorine dioxide is used. Chlorineldioxide,can

 be' generated, by the reduction of odium chlorate,

- dissolved in water and stored ascm

leach liquor in ‘storage

~with chlorine dioxide alone.}? Chlorinen ioxide 'h ‘rine

1 bleaching is an acid bleach. Chlorine dioxide—hypochlorite

. bleaching is an alkaline bleach. ;“
- If chlorine dioxide is to be used alone 1n“anialkaline

:medium, caustic soda can be added to raise the ﬁH:a ,n::’




dioxide'solutions are acide '

lethods of manufacturing chlorine dioxide. There are E

six methods of: preparing chlorine dioxide-16

1. Laboratory method
2. Holst process
3+ Persson process ' .
4, G. Farben process ' = .
- 5¢ Kesting or Brown process:
f,6. -Solvay process L :
The Holst _process is the reduction of sodium chlorate f?,;?
: with sulphur dioxide in an acid medium according to the g
) . H2804 [Re '
following equationz 2NaCl(l5 0 SO _ Na23Q4 + 20102.
Chlorine is also given off 80 there is a mixture ofpchlorinefl:fl”\"';
_ dioxide and chlorine.' The gas is dissolved in water for the? S

'bleach solution.' If chlorine dioxide free of chlorine 1s'-

,preferred, steps must be taken to remove the chlorine. S

:Part of this may be done in the absorption tower as chlorinep :
is not as soluable in water as chlorine dioxide.y}.yff"‘f{lyf~i:31

The Persson process is practically the same as the Holst

'process except that chromium sulphate is used to reduce the Q‘TCVY“
.-chlorate and’ sulphur dioxide is used to recover the chromium »f“jf" f;fhi"“
: sulphate.‘

The I. -G.. Farben process is the same as the Holst process

x'to generate chlorine dioxide.v The chlorine dioxide is then ;g,,au~,,¢
‘_;reacted with zinc dust to form zinc °h1°rite°‘{;fjdlﬁlii;if"'h
The Kesting or Brown process is probably the most f:%ﬁtf_ﬂﬂ

”'economical of all if there is a cheap source of power.‘ It is Z:Tf‘,

different from the other processes in that in this process




"hydrochloric acid is oxidized- tovchlorine dioxide by&sodiumli
“;chlorate. The sodium chlorate is obtained by the electro- it
: litic oxidation of sodium chloride.” Sodium chloride is a

hproduct of the reaction of sodium chlorate and hydrochloricftuwiib

:acid in an equivalent amount to the amount of sodium chlorate

used. Theoretically, the only chemical needed is hydrochloric :fxf#

acid in the make up chemicals.17
‘The Solvay process depends on the reduction of sodium

:chlorate with methanol in an acid medium., Air is passed

" through heated methanol; and the air with the methanol vapors .’»*. I

is’ passed into the acid chlorate solution.v This generates 5 :
chlorine dioxide and carbon dioxidet 6H0105 * CHBOH - 6010 :

& 002 * 5H20. The big advantage of this process 1s that

b:there is very little chlorine contamination.llgk;pii;.yi;; ‘

The laboratoxy method - of producing pure chlorine dioxide f T

consists of reducing sodium chlorate with oxalic acid in a

sulphuric acid solution. This method gives chlorine dioxide,

free from chlorine, diluted with carbon dioxide, hThe gas is ;‘f;ﬁv
'dissolved in water.18 This msthod is limited to the laboratory%

' because of the expense of chemicals

By the use of sodium chlorite,‘chlorine dioxide

: bleaching can be accomplished (Mathieson Process), as sodiumkf;

chlorite, when activited, yields chlorine dioxide,”ﬁ

B he advan- L

tage of this method in carrying out chlorine dioxide bleaching f}]f*b




’i‘Choice of materials that can be used for storage, piping

"'ujand bleaching with chlorine dioxide is very limited. Some"’ h

= chlorine dioxide.

1_1of PR

is that no elaborate equipment is necessary to produce the

bleach liquor. However, there is some indications that chlorite {fgifd;j&f'
in the acid medium (below pH 4) is not the same as chlorine

"dioxide.k '

If chlorite is mixed with the pulp and activated with
"hypochlorite, a careful control of pH is necessary for good
rresults.‘ But, if the chlorite 1s mixed with hypochlorite

and then added to the stock, pH is not a8 critical 12

Equipment used to handle chlorine dioxide. Ohlorine

'dioxide gas, in aqueous solutions, is exteremely corrosive.‘ifﬁ‘ffzvi ks

of the materials which may. be used are., glass, porcelain,
‘ stoneware17 and reinforced concrete lined With acid proof bricks. f”"

vLead and stainless steel may. be used19 Rubber in any form i‘iféi

is unsatisfactory and polyVinyl chloride csn only be used if :;{fﬂfffj}fﬂj

it containe no fillers or plasticizers.;ﬁ ’
on page 127 of "The Bleaching of Pulp‘- TAPPI Monograph_g

vno. 10" lst ed., 1953, is a list of materials resistant to Hi

For alkaline bleach liquors of chlorine dioxide, equipment

‘used for hypochlorite bleaching is suitable.12

: Costs of chlorine dioxide. Chlorine dioxide is aulittle vﬁ?'d;‘“ o

more expensive than hypochlorite, but the savings in quality

and yield may by far offset this added expense. One paper fb_-;:?""" o
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-gmill believes that with a chlorine dioxide bleaching plant,

a standard pulp of about 75 brightness._ Pulps of such

’.LQbe purchased at a lower cost than high brightness pulps.20
o The cost differential between bleaching lor brightness pulps
g,to a high brightness is usually lower than the high brightnessf?”@,

: pulps. '

EPersson .and Solvay processes is from $100,000 to\$l50 OOO. .

o Kesting process costs about. $5oo ooo.?_ln_ =
,‘is about 18 cents, by the Solvay process.; The Holst process 'dri

j; equivalent weight of methanol as compared to sulphur dioxide,?}{,ﬁi
’,las the price per pound is nearly the same for methanol as it i
"'is for sulphur dioxide., Theoretically from»the equations: ifé;st“
l46H0103 + CH OH = 002 +c60102 + 5H20 and 2H0105 f SO2 ’;>
: 20102 + H2304, one pound of methanol will produce 12% pounds~¥b5{‘t
t;vof chlorine dioxide, while one pound of'sulphur dioxide will fﬁ{j

o produce only 2 pounds of chlorine dioxide.

v‘of chlorine dioxide costs about 16 cents by the Kesting

‘T5ilif7 "

they can reduce their pulp: inventory to a few standard grades.?,i,ljf

Their bleached kraft pulp requirement for processing will be:;i :

relatively low brightness, follow stable price trends and can_ﬁ‘h

The initial cost of installations for the H°1Bt’,c 'liiﬁ?fif;"fh“

‘Cost per pound of chlorine dioxide, for chemicals,

will probably cost a few cents a. pound more, due to the low

L The Kesting process claims 4 % savings over the Holst

S Process.19 In Germany, Where power costs are high, one Pound, ??hffir".
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| TENTATIVE’OUTLINEfFoa.sxPERiMENTAp]woagjgaf" e

The purpose of this experimental work is to determinef‘;:fpé“

whether or not a stronger sheet of paper, made of virgln

V‘stock ani deinked stock in about equal proportions, can be;l71f;fk3%f
jmade from deinked stock bleached with chlorine dioxide |
rather than with hypochlorite in a single stage bleaching ‘T e

‘ process.‘

Gk -The paper stock will be bleached to a photovolt
. brightness of 76 to 80% This brightness w1ll allow the
' fpaper stock to be used in some high quality papers in larger
proportions. :
: The experimental work is outlined‘as follows- i

ji{I.ltMake sheets of virgin pulp and deinked stock bleached‘
ORI with calcium hypochorite.1 ,~,‘- e .

A Bleach deinked' stock with' 5 and 10% 012 as- ;;;];j
‘calcium hypochlorite for 3 hours ‘at’ ‘room :[“f;ﬂi"
PR ‘temperature; ‘wash and check’ brightness. R L
. B. Beat mixtures of sulphite and kraft’ pulp tod*;
. © . ¢ a freeness of 500 and 300+ " ... RN
o C.”3Make sheets of 50% deinked stock" and 50% R PR
“ . virgin pulp as prepared in A and B, also PR
- " . use deinked brown stock., S RS
" D. Test sheets for mllen, tear and fold. (h‘
“E. "Run viscosity tests on- deinked stock,
W ‘ bleached and. unbleached. _,*"f ,

1I. :Bleach deinked stock with- chlorine dioxide on the acid
“ .+ pide and on the alkaline. side ‘to determine if there isv
any advantage in bleaching in an acid medium with 010

III.;'Repeat I using chlorine dioxide as the bleaching agent.,
-Bleach on' the alkaline side unless II indicates AR
otherwise. Sl




L and fold. Table I shows a comparision of strength of pulp

GHAPTER III ' = oo

EXPERiMENTALfWng7Q§Jl1}‘«?Tfs -

Pure chlorine dioxide was prepared, upon the recommenda~ej
tion of the Solvay Process Divieion. of Allied Chemical and Dyegi i
Corporation, using sulphuric acid, oxalic acid and sodium

,chlorate.’ The chlorine dioxide gas was passed through a wash

h:bottle to take out any hydrogen chloride and then dissolved
_in cold water. o L »uﬁwlvvi "N‘l v v 1i
Calcuim hypochlorite was made by passing chlorine gas in ﬁig
'.a slurry of 50 grams of lime per liter of water.f‘g”ffl;”:
The paper stock used in the experiments was of an
ordinary commericial quality deinked with caustic soda in a Ql”
hydrapulper. Groundwood content of the deinked stock was ff;tfl'

below 15%

fi First Experiment. Paper stock was bleached with various L

amounts of available chlorine as calcium hypochlorite and as~§;l;,
’gchlorine dioxide. ‘The pulp was bleached for four hous at 110°F
 and lhOoF for the hypochlorite and chlorine dioxide respectively.

f Hand sheets were made from the pulp and tested for mullen, tear,

- fbleached with calcium hypochlorite, chlorine dioxide and

‘unbleached pulp.‘

All strength sheets were made according to TAPPI method

T 205 =50 throughout this work. _ef'j




Strength sheets were: made from commercially deinked andﬁ
bleached paper stock; this too shows a. loss of strength}

1

Tests results ‘are tabulated in Table II.‘

Chlorine Dioxide’ vslaafcium Hypochlorite f

,%012',Basis Weight Photovolt M I T-,fl"FMullen _;:-Elmendore;,{”
25 x 58-500 Brightness Fold QACIQ 0102 Tear ‘
".c10” c102' c1o c1o2 c1o c1o2 e e c1o c102¢i

0% 45 4 - T 55,6 2007 195 57 5

;5%_v45,9 44,5 69.on 67.o;fizkﬁkig;z;ii7*o551’0{;43;oji55;o'5
8% 4h5 45 69.5 69.0 B 1

o e i Lo s s W B s e

4% 45.8\'?v54,g 75.5 75'otJhilif4fkiéi12f4:20f5j;g‘f ' 5%.0

Table II=~f :
Bleached vs Unbleached

* Basie Weight  Photovolt Mullen

. L 25 x 38-500 Brightness e
Un Bl. 42,0 595 1;1“4¢1,‘. ,

This decrease in’ strength shows up throughout this work

“’and it is therefore quite evident that hypochlorite bleaches cang
1ower the strength of paper stock to a great extent.j;;fg. ‘ |

Second Experiment. To confirm the first experiment, i

more. paper stock was bleached w1th 5 & 10% available_chlorine §

~ as chlorine dioxide and as hypochlorite.. Brightnessusheets were'fw

'made and viscosities were run . by the falling ball method




T2508m-50. Curves were drawn, fig. I, to repreaent the
“viscosity of the pulp as the time of bleaching is increased. }‘ff:ngg

_The slight increase in viscosity when ClO2 wes’ the bleaching

agent is probably due to the purification of the pulp by 0102.A;ff'7 S

:The pulP shows a definate degradation when bleached with;*ﬁ‘fél.

hypochlorite. f

Third Experiment. Because paper stock 1s hardly ever ;?w}fl

used 100% in paper, it was necessary to find out how much

strength paper stock contributes to a finished sheet..gid‘ o
This vas done by making sheets with mixtures of virgin gl‘ﬁf}[lfifgff_j

pulp, bleached and unbleached paper stock.% ‘ i
~ Five pulps were prepared for this work as followa-zdlf‘lc”

A~ 50% Kraft and 507 sulphite beaten in a Valley
Beater to a C.S. Freeness of 580.;, ,

‘B- 50% Kraft and 50% sulphite beaten iniakValley vfif“p
- Beater to a C 5.’ Freeness of 578,;r R

O- Unblesched deinked stock., 35vjf

D= "G" bleached for thiee. hours at’ 80°E with 57 -;,»~"T"H |
: ,,CI as CaOCla. L , e Lt

f"Ef Same as "D" except with 107 Cl

ro i |
Sheets were made with mixtures of these pulps and‘tested at

,507 R. H. and 72°F.- The results are’ tabulated in Tablc III._f:,’ |

Fourth Experiment. The above'sheets were made with paper 'edfﬂ“b

.cstock that was not degraded to much"”f'an eztent.'fif“'i

“More. pﬂlp was then bleached with the intention to lfU

'degrade it more. The same virgin pulp mixtures were used, s

‘ and the same unbleached deinked stock.wn'f“
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= "C" bleache with 10% calcium hypochl orlte at
Lo 110°F‘ for 5 hour

- Sheeta were made with- “A“ whet, ‘and "F" pulps and -

tested. Results are tabuated in Tuble IV.

Tabiefii:;

Sheet ' Pulps - Basis Wt. 'Brig‘hf;h'.e‘;ﬂ « Mullen
. Used ' SRR S
1o 39.2
B 40.7
© 46
| D‘ ‘. o 4406 ,_"'?
E 44,8

S0% A . 38.2
50%B. .

7 . 40% A 46.6
-~ 60%o.
'8 LOBA. 46.6

60D - :

9 40% A° - 45,0

OB E

10 4O B . 46.6
©osogc
1 kEB 46a
‘ L 60,0 ; .f:' ) -
12 hog B k6.2
GEE

SN N B SRR OO




Table' IV

Sample Pulps Basis Wt. . JMullen7' Tear ,': "*;Feldﬁfixlgi;{ﬂTﬁfff

Used . 25 x38-500 ", ‘. ‘Oore to 45 co
I T T S TS o“ff{ 59.2 ;Lfgfiﬁ,j;j°

2 gmo 36 "difzz.aﬁgf fﬁ5924,;'7jf[ﬂ745' e

o 40% A

R 5 . | 60%0 45.6 » 27.0' 55.6 | 51 N | o
405 B R A

4R kB0 17.0 0 360 7

Loz A

L6 60%F b9 hnéé;é"gijigijgfl;- jd{faés'nu;;-“

Fifth Experimen.. So- far the aheets have been made without
first beating the paper stock., The following experiment was

- done to show the advantage of beating the paper stock before

_ making sheets.

~ Four pulps were prepared as follows‘ 1¢5;§“ L i%[uﬂy" NS

, -'B-.'507 Kraft and 50% sulphliteibeaten to a C. s.”,h},;- =
" freeness of 430. e L

Cc-. Unbleached paper stock.

E- ' %G bleached with 107 01 as CaOCl at 110°F;f5{&;j;¥lf
' for three hours. e o

»-f Sheets were made using the above pulps. Also "C" andyfd;;L«

‘“E“ were beaten in a valley beater for 15 minutea w1thout the ,f}»?gyﬁfi

3 beater weights on, these pulps are Cl and El’ and Bheets made PR E

“‘_from these pulps. Tests results are tabulated in Table V.__f*hitft&




Sample ‘Pulps. Basis Wt. Mulleniv Tear - Fold
Used 25 x 58-500 ~Cor.. to 43%

1 .C . 45.6 k ijf18 2f', 5. 8~¢,,,A ,a19.3_f=," e

2 B Mo a7 3

50% B 48,0 20,0 . 66.0 55

6 50% B

7 50%
- S0 R R
8 505B  47.0 .-f}'30;6,;*;755,23fff{§7ﬁ;53i;5"‘

465 200 6200 36

Mo 300 6.0 s

Qw

Conclusion, If paper stock is bleached too hard with 1f

B, W6 160 385 5 o

hypochlorite ‘bleach, the strength of the paper stock can be‘gﬂn_;:§nxﬂlii

'_considerably lowered. When the degraded paper stock 1s

used to make paper, the finished paper will show a 1ower

strength than if the . paper. stock has not been degraded.\ff&i”f

This’ lowered strength of finished paper can be overcomeiif

‘by b1eaching with chlorine dioxide. When the paper stock isjf-ﬂ

bleached with chlorine diox1de, there;is_no decrease 1n the i

'~'strength of the paper stock or the finished paper.f f7’f“77

The amount of strength that can be saved with chlorine," Ee

ledee depends .on the type of paper to be made and the‘}?‘ e
quality of the deinked stock. | e

é? ,/ JT'€V




	Possible Use of Chlorine Dioxide for Bleaching Deinked Paper Stock
	Recommended Citation

	tmp.1651255212.pdf.nw_G9

