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The :iiterature survey·. e)1owe t 

used to bleach virgin pulp to ti· hfg� · b:rightne.e_s� 
.•, ,' ' ,. ' . . ,-.� .. '. ,·:· '," ,: 

'·, of' chlo"rine dioxide i_e to preeerv�C�he>strengthiof' the,' 

a S"\ '; /•�;,;': ;' >•,-'•� I • • • • • •• ... ••••••,• • ,�'•:: 

preserve the; st�;rigt�t �f idef�eci .p�p�'f·'.\:_ dioxide could.·b'e used .to 

' . 

. .� � .. 

Paper stock wae found to lose ·strength_'wh�ri:-bleached· withi 
�, .· .>::;:r _,-- -J:c, ·,.:·:, /.-r::: .. _ </_ · .>,,:·:: 

calcium hypochlorite ·and: wlien mixefwit� .v�rgfn-,pulp the ::loss 
I , • • ' 

of'· strength carried over, in-\thei."mi:x:tu;e� ,•. 
:' '· ·•,� J.·::.,: f{·>·�;; 

When .the paper �t-ock w?/�.\�
�-c�ed;_wi

there was no loss of .strength ,in' the 

The. purpose of this thesis 
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CHAPTER. I 

rnTRODUCTION 

. 

. 

Purpoee •. The purpose of this.thesie'is,to determine 

whether or not chlorine dioxide can-b'e used to an.advantage. 

for. bleaching deinked pa.per st�ck, in a .single stage blea·ching 

process, to a high brightness. 

To justify the use of chlorine dioxide in place of chlorine 

it will have to be shown that the quality .of the pap.er stock 

can be improved greatly in strength, cleanlir1ea_s and unifo�ity. · 

as compared to that obtained from hypochlorite bleaching. 

By the improvement of uniformity the 'pap'er stock can 
' • • � •, , a • 

be relied on t,o: be, approxima. tely the same. from• day to· _day. . •· 
·• / ' , �":· ' :·� ·,,: r . ,• � '..,.. � • :"• --� ".·: , �- '·�· ·, /'·_·•. � 

Higher strength yield would possi:bly .'allow the' 'managemerl:t. . 

of the paper mills to uee ·more, p�per :etc.ck ·and less _yirgin · 

pulp, in at least some furnishes. 



LITERATURE.SUR,VEY 

Much work has been done .wfth �hlo;in� ·.di�xide ·1n general, ; :::: .. 

and. in the field of bleaching celluiose with ·chlorin� dioxide.· 
. ' . 

' ·, . . ·, 
. . . 

. -

' 

' . . 

The. cellulose bleaching wii;h �lilo:rine.:dioxid·�,. up .t� date, ... 
' 

. 

has been limited' to virgin pulps·� )There h�f3, been very little, 
• 

: '. • •, • • •••• e \ ' .t •• ' • C • • • •' 
�_; 

if any., work done on bleaching, d�ink€id .paper stock vdth, 
• I .• O , ,_' • 1 , , , • _ : ' • 1 � " • ' 

chlorine dioxide. At the prese�t time ·deinked. paper ·sto_ck

is bleached with hypochlorite·.; 

Thia literature. survey will:, th'�refore., .deal Vfith' th�: 

properties of chlorine dioxide; the advantages and di�advant�g�s . 
' , , 

. 
·, . ' ', , . .. 

in the vi�gin ·pulp industry• 

It. is hoped that chlorine ·dioxide will .. be �s good l<>� 

the deinking mills as it has been .and Trill :·c�ntinue _,tq be for

the virgii
l
: pulp· industry. 

, . . · . .. .  

! brief. history 2f chlorine dioxide. About 100 years .. :

ago Mellon obtained a gas by the partial redu�tion of ,sodium 

chlorate •. Mellon identified· this. gas, as· chlorine. trioxide:.
. . 

. . .  ' ._ : . .  · . 

(0120;). However ., in 1881 Garzarolli:..Thurnala·ckh ahov,ed the

gas to .be. a mixture ,of chlorine dioxid�·- and·-�h
l
ori�e.1 

: This gas .ha.a, for.many y�;}� n6�J'b:eeri:b��ri to;��e-the 

property of being capable of- bleachi�g· puip to, a. high::r · · · . · .. \.·: .. :;·· _.,.- .. �,. · r , .:,••. ··.-�·-·•_;�_ ;_,r.• -: .• i ·..::.·

brightne�s witho�t att�cking tn�'e:dellulose to aey great 

extent. . The reason it �8 \·.b·��r i��p�: ��t�i' th� p�ip ;e::�·,_ p�per •

CHAPTER :II 



'industry is because of the explosive prope;tiee and"'.:high 'cost .. · 
. \ . ", -, ,,,, . .': .: ' ,  ... _,·, ' ·• :.:'-

of manufacture. 

· ·:. New methods of manufacture 8:re changi�i'' thi� picture,

until now, there are processes· tha.t·.bring:c!}lo.rine,dioxide 

close to a competitive range ,with '<?hlc,ri�e•., ·•· 

More vlill be said about thee� pro:c:•�;�ea'. •l�t:i�.:_ 

Properties. ,2! chlorine dio�ide�:• ·Pure·chlorine dioxide 
�.. '•. : 

is very dangerous when in the '.p�re' �tate, eA'-i�.�l,:ae 
' ·,· • : ' < -�', .. , y :'<.,:�:•:;:�· �:< . �{. :�. a liquid •.. The ·gas, when dissolved· in.water�at·a concentration 

' - ,, ,•.•:···�• -' .� -,.;,,:�-�..:_,;:_-.,,'.,:�,f .. :.;._.:�f,,.'_,,/ 
� 

:of twenty· seven grams per liter,• will crystaiHz� o�t.as

chlorine. dioxide· octahydrate: '�t a 't:e�;�;:�ut{:b1:i6/:.�:·9�79°d� : ·:' · · 
. If th� concent;ation :of chlorjne:�diox£4� ?{�'!19§,';g;���- per'.,· ..

liter, the solid octabydrate will separp.tJ·out' a\.about:-·

18.2°0. When the concent�ation or·:.'chl�•�irie dioridt is· 
J.; -. .1 : -·:·...:··- .... ·(/'· ,• .<, '·

between .twenty seven grams> p�r · liter anci)lqa 'gram� :per liter; '. : · .

. the temperat�re should be kepi a:ov�'·!i��l'c��°F:/,:sC>\-ti�t.·>.. i'' ..••. ·-, 
' ,._ .. : ',.· 

. ' 
_·, . . . .. ·.

. 
--' .... ·,:•·. _·,.:'. 

.
•·,- � ·.',:. ' .. ;:, ..... ;· ·:··-· .

. 
,, . 

�hlOri�e :dioxide octahydrate wHf not oryste.li��;� 
. i-·:.:; . . ,' . 

'If'� ·boweve;, the concentration is below::tw�rity':aevef:gra��· pej'' . 
,· .,·.·:,·i. . . . ·. : .. , .. · ... · ... ,.·�".·\''; ; )\'.·:::··. 

.·· .
·· li�er, the .. teinperature can go .to O O before:there Js 

·. \ .;·, 

. : of the octahyd:r�te crystallizing out •• 

. T.te _danger . involved, when the �cta_hydrate) cok�s.,; out· of 
' ,. ; • ,\ ' • .' ' •:,:-.:• ... •·.> :• l•' • ,_//,- •.� • •� 

,";.�· ' 

solution1 is that there is _the possibility· .. of liquid' chlorine 
' ' .. ' 

·.off ·by sun light, friction, or·ga.riic matter ·or ·alm��t/any .,
' ' ' 

other:;diaturbance. 2 



Because of th_is _ explosi,.ie nature, 

t'h.ef gas cannot be cooled or compressed into either· �oi;centrated ·. 

gases or liquids. 

This. makes it uneconomical to ship chlorine �
ioxid·e '': 

from. manufacturer to consumer. . It chl,;rin�· �ioii�/�aB ::tcf :': : 

be shipped· it would have to be s:hipped_ in/a·

or a 4% chlorine dioxide gas. mixture·. < -:

. . i C�lorine dioxide gas ha_s /ari int ens� �e.llow 

ordinary temperatures. vdth a· 'c1e��ity, of approxitria.tley. 2.4: 
' • ' � 

• 

, • •,

..., 

" •• • 
'

. 
• 

•• -<, • '-. 
• 

', ."; :'",', ',,
' 

•• ·.,' 
• 

\' • ,',
'

·IL:•�••,
' 

It has a 'disagreeable odor� and ·c�ri be dei·�ctif lt :·i:;:{�nc�n+

tta�i�n o� 14 ,- 17 p.p.m. A� .45 ·;.p.m:.·::�i fi:{r,rite.iing�/{
? 

: 
. . ., ,. . •' \-:··,·. ">} :, ,:· 

. . . . . 

11Forty�:f'i\'e minutes·· exposure in· �n atmosphe;e: b'f.;15(>':i• P�;/ .:

·_·,,chlorine .dioxide' was fatal -t�::�·i��a:>Pi���:��h:t�\i/,:\o·::�111�i�� 
. ' 

, . •,... 
. ·, . , ., I 

'• . ,, ., ,, , .• • • •. , •'. ' • • ., 

in 45.p.p.m. and 6_hours in 14 - 17 

. Illask� Io/lY be used £or protection· wh; ·.· .. 

. in the. atmosphe�e • 

•. Advantages <of chlorine :dioxide:!: W,hert':t:��:d9:rigers.'.�r 
< 

• 
, ,: • �--\ 

•• •
• 

-;:.:: �· ;. ·, '1 : '.: . '. , 

chlorine dioxide are recognized"'and iespe�{e;d'.If:6�f be:::;::···· 

safe .and valuable chemical •.. 

. The oxidation equivalent of chl�;ih� diox'ide' 1e:··:fwot'. ., ,. 

and One half tiJnes that of �h�ol"i�e: T�iiig }n�•o a1PoJn�,;,�;;'.C

.mole�ular. weights of chlorine and'.'chlorine di�xife;· o·n'�: �art'::·:/ 

by, weight of <hlorine dioxide �: :����a:�nt: if }.6�•�rt: :

by weight o_f chlorine. 

The• oxidation· pptential of ·chlorin� _didxid�· is highi:, ', � '• '. 



enough :'to attack the lignin an� coloring matter of pulp, 
' .' '' 

yet not high 'enough to atta�k 'cellulose •. Chlorine not only··. 

attacks lignin and coloring matter of pulp; buta.l�o atta�ks 
. ,' ,, . ·'. . ,1_-:,, 

the cellulose. Therefore, pulp bleached. with chlor-ine dioxide 
. . . . . ,·_, 

.. :·. , 

shows less degradation and, consequently,· gives _more strength;· 

and higher yields. 

Samuelson, Olof, Hartl er and Niles she.wed that. hypo".'" 

chlorite bleaching increases the carboxy:l, grou1>s;of,the pulp 
-: . 

in alkaline and acid bleaches .• , Ohlorite bl'ea.�hing affects:- ...... . . 
: . , ,,.. � ,. . ' . . ' . ,, '•. :- ·. 

the �arb9xyl. groups .the s�me way ;
'.

be{o� {:pH :��•:'w�il�: �hl��in� •

dioxide has no change in car,boxy1 groups
.
.,- unles.s pre-h,leaching · 

. with. hypochlorite or chlo;it�: ha�. be·e: c�rriedt�o, ·fai-�-5
·� :• 

'· � . .. � 

. Ohlo;ine dioxide ble�ching tisti�l{y :irhp�ovJs', opad:i�y,. 
' .·_ :; . . , , . .  ' ; 

alpha. cellulose content, reactivity of the' fiber; bleac:hing. 

: contro1,:6 dirt count, brightn·e�s. and strength. 7. 

· 11Flash. bleaching" can be obtained with chlo�in� dioxide •. 

That is; most of the brightness increase is obtained in the-
. ' .. 

rfrst ten to fifteen minutes.of·bleaching. Fo;·eiample; .·

Table I of 11 Bleaching Pulp With Mixtures of ,Chlorine Dioxide·; 

andChlorine
11 by G. P. Vincent shows,iin one case, an 

increase in brightness from ·70. 0 to· 82.4 the first' ten 

minutes,. while at the end of two hours the brig��nees ·was ..
. 
·.· . 

only up to 84.;. Thie was acconiplfshedwith.northern kraft 
• ' 

' ,d \ • 
'. < ' 

and lOD° F. - The available chlori�e was obtained from a 

5 



· · mixture of 2.5 parts chlorine
,\,' 

. It was found by �- P. ,.Vincent _tbit··�ixturea ·o:f' �hi�iirie 
' •' 

'., ''.;, 
• 

'., : 
.
..

. ,. : 

•
• ,::. 

'. :· ); '
, 

,', 
•

• 
•> :· ·

.1 � 'f"'.: : ...
. 
:·> __ .:.-_:•: , 

dioxide' and chlorine gave finish�d' pulps' qualities 'equival�nt ,; ·, . .; 

to those of pulps bleached wif J)��i_�;1ie-''�i:�icl'e :il,o:n��f(:- -·. · 

_The 

are, more permanent than thos,e: o�tai�ef'_}ro\h_hy;�cht<>rit�\ 
. ... . · , : �: :/' ··-. ·/., .. ;_·-: :·':·�:::.:<.>�-:-: r.�•.;:.'-.-.·,> .. _)--· �/: .. ·-.-::}·,,,' . 

.;:···
bl eaching.9, · Although freshly' bte'a�hed hypochl6°:rite p�lps Y. . . 

·.. . � . ·_ . . ..... · :
>

. (��� . .- ··1. · -�-,;. ·: ':�r··'.� ';.t·:; .:-t·\'{: ' t .f��r- ·-.�- ;: :·� :�\�;.:···;;·- .. ,' . 
may be very'high in brightnees,'after'aging,·.thfe'::brfghtnei:is ··_.' 

• '• • • 
: • • ' • • • 

,
• � .' r •' ' • • ',' : •• 

drops.· appreci�bly. 

prcmoimced _with chlorine di9xide C>'r chlorit�'--9l_eached 

Where·chlorine dioxide or ,chlo�ite'is·u�'ed •. :chlorine' 
---- - -

dioxide is used .to some exteht in'·sw�cie��. Firtla��-: ��c1}de;
' - . . ·- . 

•- :""'.". . : : :; - ':·' ' . ·� " 
,; ·,' . . . .. · .. , ,• :· ... �, 

�.: : # .•. �1 

as e. final stage for bleaching 'diss()lving� visc·ose, 
• 

• 
• < ' ;-

• 

' �; :· •
• 

. al�?8- <pul:pa.6 It is also used' in the .United, States at · 
-- - . - io · , ' · .;:, < ;-.: -Riegel Carolina Corp, Acme, _N •. C. ;·the>Brovin-Co.� 

'# • , • 
• ' •• ' 

' • • • '� ' 

-. Berfin, N • . H:11; the Nekoosa Edw'.ardi{Piper <Co./of-P,o; 
. ' . . . . ·' - ', . . . . .. · . . .., ,, .. .

. andJfokoosa, Wi;ccinsin.12

The use of this special bl e�:ching. agent::has. be�n ua_e_d·:·a_a 
.
.. 

a £inal stage W � �1u-stags .u;c�
1
f ,i;}r;J�C>n'. :ri,' i .·

howe\re�; a leas -vigorous pre-tre�t'merri/oi\hypo'6hlorite ;�d: 
� J • •q ! ' . , . ,. • ' , ,. , -�. 

' . ·, • _, :_· "'. ' •. � ',; 
' 

'two st'ages - of, chlorine dioxid_e 'a._re',U:sed,: a h1gh�r' brightness 

pulp. can: _be,, �-btained without :a�Y-}egrad�t�'�;·)� 
•'; ; -._., � .. : ,; 

For the moat part, chlo�ine•idicixide .has 

bleaching kra:rt· pulp. However;>11-c�fciririe\c{ · .. : · 

,dfoxide and, 1_ 

This·drop in brightnessis'.not.so 

of 



eome sulphite manufacturers to answe�<:\,he ch.all� 
, • - • '•' .,, • • < 

brightness. kraft pulp and retain �rkets 

have been-lost. 11 14

How chlorine dioxide is u�ei
i

. .Chlorine 

be· generated, by the reduction'. of _sodium c'hforate, ·an'.d 
'. , . . ' ,, :·•··;·..- ,' ' 

dissolved 'i.n water, and store{ as bleach liquor . 
• '• 

·::, > • .' � :·· • 
• , ,  '. ·, '-:, ' , • ' • 

• • • t. :• 

tanks ·u�til- he�ded at the hleachery� · .. Over ·e:-lon 
' 

. 
,', -.:·· ' ,·'-

tim� .this<�s-pro.ba.bly the. m�s�· econ;micai:��t1cid{:\\

. :,Sodium. chlorite. can be pur�ha.s�t, ho��·ver':, . �ixe{-,,dth -.. 

-the pulp::�u�pension and then;�ctiv�teci:wi�it��id;·�hl;;i r;� .:.
, . . . . : . . . -� . . ,./ . , : ' ', �.--, ·, ... , ' ... ,_ ,,, � . . .. • ,·.; ·. . ' ; : .  ; 

�r. hypoch_lo'rite. - This method:
0

gi v�e/r���li�::_h6fup�1e:_bl��t(): thoi!e · :. 
j' t_(T,!'" " . ' ,·, •, '"''"'" •: • ,. , ; ', ·:. .. \ •<� :,•J,-.U · . . _

·, 
:
:
, 

� " ,, . , 

o bt'ained '. by using bl each 1 iqu?r )nade: from: _chlorint3 ·,diOJ:C id e gas•
I • ·•

, 

•. 

' ' ,"• : 

'.-'':

-:

_' 

•
,. 

·, �'.,,_, 

,: 

-
� 

·.,.--

• ·.,

-· .. ,_:: •• .:,�··'f,-:• .',,.;);·:-:,./�•\• .. ... , 

Chlorine· dioxide can also be generated from. a sodium. chfori te 
.. '; . . ,, :, .. !". ;. 

e,olu�ion, by adding hypochlorit1e.: 
. .

Chlorine dioxide or chloi:,ite; bl��hing· c:ari eith�r,.be .: ' 

·carried out •in an acid, neutr�i or alkaline mediu�.
. . ' . ·-- . .  , . 

. ' .

Mixtures of chlorine dioxiie: and chlorine 
i ' 

dioxide and· hypochlorite can .he' used with as good"resul ts as. 

with chlorine .dioxide alone�1,5' �hlo;in� di�xid�-;��i:�rine · , ·.
. ' . ' .' , - ' ' . � ' 

blea"ching is an acid bleach •.. Cnlorin.e•,dioxide�hypochlorite, , . . .. ' . � ' ' ; . ; ' ' 
. " .. 

. bleaching is an alkaline bleach;•. 

If .. chlorine dioxide is to be ua�.d ·a}on�: tri an a.lkalin�

medium� . caustic soda can be ad4ed to :ra_ise ,the j>H �-� 

. whi_ch· ~ould;.'otlier 

are nea:rly the eame in all threi ~editi~s~l2 



dioxide solutions are acid. 

Methods .£! manufacturing chlorine dioxide. . There are 

six methods of· preparing chlorine dioxide: 16 ·
:

1. Laboratory method
2. Holst process
;. Persson process 
4. G. Farben process
5. Keating or Brown process ..
6. Solvay process

. 
. 

- . 

The Holst process is the reducti_on of sodium chlorate 

with' sulphur,. dioxide in an acid m�diwn accordihg "to the ' ' 
.· . . .·. . · H2B04 •· . . :·. ·. . c , , . 

following eque.tion: 2Na010; ·+·so
2 ••· _ .. �a2S04 ,+?o;o2 •.

Chlorine ie also given off' so _there is a mixtur� of chlorine 

dioxide and chlorine. The gas is diss<?i ved in wat.�r f�r .the 

bleach solution.,· ,If 'chlorine,·�ioxide free ol chiorin� is 

preferred, �teps must be taken to remo�e the chlorine� . 

Par:t ·of this may be done in the absorption tovrer as chlorine 

is not as solua bl e in water as '�hlorin� dioxide. 

The Persson process is practi�ally' '.the. same as th� Holst ··• .- ·.· 

. process e�cept that chromium sulphate is· ;s'ed �o· reduce the 

chlorate and sulphur dioxide is used to. recover. the· chro�iuin 

sulphate • 

. The I. G •. Farben proces� .is the same as the Holst process 

to generate _chlorine dioxide. · The �hlorine dio�ide is then 

reacted with zinc dust to form ·zinc chlorite� ·· 

The Keating or Brown process is probably the most 
' ' ' ' 

··. economical of all if there is. a cheap· source of. power. · It is
'

different from the other processes in that 'in ·.this process •



·, ·i 

hydrochloric acid is oxidized to• chlorine di6xi�e by sodium·· 

chlorate •. The sodium chlorate. is obt�ined by the electro"." 

litic oxidation of sodium chloride� :sodium chloride .. is a 

· product of the reaction of sodillm · chlorate and -hydrcichloric

acid in an. equivalent amount to the· �ount of 'sodium chlorate

used. Theoretically, the only chemical·needed is·hydr?chloric

acid in the make up chemica1e.17 .

The Solvay process depends on tlie reduction' of .sodium 

·Chlorate with methanol in an: acid mcidium. Air is. passed .·· 

through heated methanol; and<the air.with the methanol· vap��s
,. 

. " ' ' , .. ···

is passed into the acid chlorate solution� • Thi�· generates , · > 
' • ·� ·, .. ,, ' � ·. , - ' ' ii: : , ·� . ' - '· ',. 

' •  ·, ,> ; " . I 

chlorine dioxide and carbon dioxides 6H010, + OH;OH:: �,: ?01,&; 
+CO2+ 5H2o. The big advantage of this. process is: that

there is very little chlorine contaminatlon. 11
' ,: .·· ,,. . .· 

. . ' 

The laboratory method of, producing pure chlorine dioxide .. 
' •; •, '  

consists of reducing sodium chlorate with oxalic, acid in ·a:
' .. ' ' . .• : . .. :1 ' ' 

sulphuric.acid solution • This method gives chlorine dioxid·e, < 
. ' ·.. , . ' . ' 

free from chlorine, diluted with _ca'rbo:rf dio�ide.; The: gas ie 
. ..  ,. . :: ' 

. dissolved in water. 18 This method is limited to the·labciratocy 

because of the expense of chemicals·. , .. 

By.the use of sodium chlorite, cihlorine dioxide 
, ' . . 

bleaching .. can be accomplished (Ma.thi�ecin. Proces�); as 'sodium · . 
. t .  . . •' • 

chlorite, when activited, yields chlorine ciiox'id�, The advan­

tage of this method in carrying out chlorine·. dioxide. bleaching 
! 



. ... 

10 

is that no elaborate equipment is necessary to· produce .the·· 
' ' .· 

bleach liquor. However, there is some. indi��tions that chlorite 

in the acid medium (below pH 4) is ·not.the,same as chlorine· 

dioxide. 
,·· 

If chlorite is mixed with the pulp_: and activated with 

hypochlorite, a careful control·of:pH is necessary for good 
·, 

. ,,,, 
• � - . 

; >·' ' 
. ' 

chlorite is mixed withfbypochlorite· 
. ' •' ·• .. · . · .. ·:.? . �� .:�·_,.· ', ',·, . '·, .' -�- :,. , :'

and _then added to the stock, pH i� not as· critica1.12 

Equipment � 12_· han'dle· chloririe dioxide� Chlorine 

dioxide gas� :l.n �queous eoiuti�ns, :·1� :ex't·';:t:elllely· c_orrosive •. · 
. ... . ' ' ' .. '• ; -· � ' , . . ' . � ·  ' ' 

Ch_oice of' _materials that can be used for,' storage;· piping , 

and bleaching with chlorine dioxi�e is' ve;-y 1illlited. :Some 

of the materials which may be usei are·: glas_e, porcelain, · 

stonewarel7and reinforced concre�e·lined with acid proof bricks. 

Lead and stainless steel may be used19. _,_.Rubbe; i� any form 

is unsatisfactory and polyvinyi chloride _can. o·rily_be u·sed if .. 

it contains no fillers or plasti�iizers. <'
' ' ' . . . . 

. On page _ _ 127 of 11The Bleach:l.ng �f-fulp -·•TAPPi Monograph; 

no. 10" let ed., 195�, is a .list of materials resistant to 

chlorine dioxide. 

For alkaline bleach liquo!s of.chlorine dioxide, equipment 
. ' . ' ' 

used for hypochlorite bleaching is suitable� l2 · 

Costs of chlorine dioxide.· Chlorine dioxide< i.e a l ittle 

more expensive than hypochlorite, but"theeavirigs in.quality 

and yield may by far offset this added �xpen�e. One paper · 

I 
• I 

I 

results~ But, if, the 



·11•

mill believes that with a chlorine dioxide bleaching plant., .' ·._ -

they can reduce their pulp inventory to_:� few standard 'grades. · 

Their_ bleached kraft pulp requirement, for processing will_ be .. 
. : ' 

, ,,. , . .. ,· ',_: :' 

a standard pulp of about 75 br;ghtness� . Pulps of such 

relatively low brightness., follow:st�ble.price trends �nd can· 

. be purchased at a lower _ cosf,
0

than high' bdghtnes� ;ulps �_;o . 
.. . ·/. 

The cost differential between' bleaching Io-� brightness .pulps.
. . 

,· '. ''· . . 

. to a high brightnes_s is usually_ �ow.er _than t�e :�gh· bdghtness ·
.:' ! : � 

pulps. 

The initial coat of instaU�t,one:'for:the H�ht:, 

·Persson and Solvay processes is f.rqm :t100,ooo to $150., 000. ·. 
'. '• ., . . ··•, ' � - ,· ': .,. : · . : � , _:. ·. 

. 
-�;, 

· Keating process costs about $50�,-060.21.:
, . ., 

.
. .

· C ost per pound of chl01;ine di�xide,. for chemicals.,··

is about 18 cents, by the Solvay,proce�e�·- -TheHolat, process. 

will probably cost a few cents a. p:ound more,: due to the low-- -

equivalent weight of methanol· as. compared t?: su.ipliur ti:toxide; -

as the price per pound is nearlY 'the same -for. mert'hano_l a�' it 

' is f�r sulphur dioxide� Theoretically from the:··equat��ns: '

. 6H01� · +; CH
,;
OH : CO 2 + 16 0102 + 5H20 /3.lld 211010

,; 
t _s6

2 
: ·

· 20102 + n
2

s04; one pound of m�thanoi; wil{ pr6<i��e {� p_otinds
. . ', - ' . 

of. chlorine dioxide,. while one pound of sulphur dioxide will 
•. . s'· '.. ' .j : 

produce only 2 pounds of chl�rine·: dioxide.< 

T�e Keating process claims 40% savings ··o�er the Holst .

. · .. process.19 In Germany, where powe'r �oats' are high, one, p�und .
e < • • • •. " • • , • , , 

of chlo'rine dioxide costs about ;16::c�nte· by the Keating> 



'process'�> Where power costs ar�' lo�'er;

the co�ts �f chlorine dioxide would be 16wer�17: 
!,', 

. .. 

chlorine dioxide ie equivalent.; to.::2.:<5f pounds of 
' 

:: 
. 

t' 

In .Germany'; bleaching with chlorine dio?Cide, from·.th�. 

chloriri� is used.17 This is very: cheei>
:w:he?l

advantages of high brightness without .. lose ·or 

high yields. 

The. matliieson process, usi.ng '
s,

od:iu.m. chlo:r.:lte} 

about $1.70 per pound of chlorine dioxide for chemicals. 

i, 

process,' costs only about 70 centk' '·p~r, 't~n'-'m9,;-e, 

,•,.) 
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TENTATIVE OUTLINE.FOR EXPERIMENTAL WORK 

The· purpose of this experimental work is to d�termine 

whether or not a stronger sheet at paper, made of .: virgin 

stock an:l deinked a.tock in about equal proportion�; can be 
. . .- . , .  

,.; 

made from de inked stock bleached with. chlorine. dioxide 

rather· than with hypochlorite in a .singl�. stage bleaching· 

process. 

The paper stock will be ble�ch�d to a Photovolt 

brightness of 76 to 8q%. 

paper stock to be used in some high quality-�ape:rs in larger 

proportions. 

The· experimental work is outlined as· foll owe: 

I •. Ma·ke sheets of virgin pulp and deinked �tc,ck ·ble�ched 
with calcium hypochorite� 

A. Bleach deinked''stockvdth 5 and 10}& Ci2: as,
calcium hypochlorite for; hours:at.room
temperature; ·wash and. check.· brightness.-., · .·

B. Beat mixtures of sulphite and kraft pulp to. '
a freeness of 500 and· ;oo. · • . . •·· 

· 

C. · Make sheets of· 50%" deinked at6 ck and 50% · . 
virgin pulp aa prepared in A.and' B;,'. .also 

. use deinked brown stock. · , · · ··.. . · 
D. Test. sheets for mull en� tear and . fold.:
E. Run viscosity t�ats on deinked stock, .. ···

bleached and.'unbl'eached., ·• . . . 

II. Bleach .deinked stock with.chlorine dio�id.'
e 

on the' acid.· 
. side· and on_ th,e alkalin� "aide to. determine if there· is.
any advantage in bleaching in an acid m�dium with 01.02.

,.
.

· III� · Repeat I �airig 'chl�rine ·dioxide ·�e t�;e\leachi�g ag�nt •••. .:�·
. Bleach on· the alkaline 'side> unlees II· indicates . . . , ' 

otherwise. 

This.brightnes~ wili lillow:the. 



CHAPTER III .. 

EXPERIMENTAL WORK 

Pure chlorine dioxide was prepared ., ,upon the,recommenda­

tion of the Solvay Process Divieioti of'. Allied_ Chemical and Dye 
. . . 

Corporation., using sulphuric acid., :oxalic acid and sodium. 
. ' .  '-' . .  ,: " 

chlorate.· The chlorine dioxide 'gas was passed 'through· a: we.sh: 

bottle to take out any hydrogen chloride and then dissolved 

in cold water. 

Calcuim hypochlorite was me.de-by pasaing chlorine gas in 
. . ., 

a slurry of 50 grams of lime _,per H:ter· of' :water. , 

The paper stock used in the· e:xperim�nts was of an -

ordinary commericial quality·deiriked with caustic· soda in a 

hydrapulper. Groundwood content.of t.he·deinked stock;was 

below 15%. 

First Experiment. Pe.per stock we.� bleached with various 

amounts of available chlorine as ·'calcium:hypochlcirite and as 

chlorine dioxide. The pulp �as - bleached ·for· four h�us ·. at 110?F 

and l�0°F for the hypochlorite and ·chlorine dioxid·e respectivelyo'> 
>' ' - ' ' 

; < '. • 

Hand sheets' were made from the, 'pulp and, t:e�ted 'f�r;mullen, .tear .,· '. .

and fold. 'Table I shows a compari
1

si�n of atr'ength of' pulp 

bleached '.with calcium, hypo�hlorite.,· �hloririe dioxide" and ,' 

unbleached pulp.· 

All strength sheets were made according to TAPP! method 

' T 205 M.:..50 throughout this work. 



Strength sheets were- made, from cOJnmercially deinked'.-and · .·
' , ,  ' •' 

·. ', ·' ,,\_ .. 

Basie Weight 
·25 X 58-500

Photovol t ,i•. I. T� .:Mullen . 
Brightness.·. Fold ... 010- 010

2
010- 0102.· 010� 0102

Elmeridore­
·. Tear·.'

· 010- . · 0102
0% 45.4 55.6 · 20 19.5 

010- 010 . ·.. . 
57�5 

2 
.

.

. 5% 4;.9 

8% 44.5 

11% 45.·2 

Un Bl.. Bl. 

44.5 69.o 67.0. 12 ··16 · .j7.0_21.;o .45_.o: · 56�6 ·

45.4 69.5. 69.0 8: ._18 16�4 20.6 ;5.0 57.5_ 

49.2 71.0 72.5. 5 ;20 .··. i4�7 21�9 · 29.5 _:59.�0 

Basis Weight 
25 X 58-500 

. 42.0 
41.4 

TS:ble, II' . . ; 
Bleached ve Unbleached. 

Photov�it 
Brightness 

'59.5 .. 
. 69.5 

i!ullen 

. 21.1 

. ·19.9 

M�:I;T. 
'Fold ·· 

29.0 
22.0. 

This decreas·e in strength shows up>throughout this worli: · ·. 

and it is .therefore quite evident .that hyl)O.chlorite bleaches can 

lower the strength of. paper stock to ·a gre�t, �xtent. -� · •· ..

Second Experiment. To :confi:r�'the fi��t �peri111ent,· 

more p�per stock was. bleached with 5 & 10% �vaila.ble fhlorine 
. . ,, 

as chlorine dioxide and as hypochlorite� . Brightriess she'ete were. 

made arid viscosities: w�re run 'by th� 'falling ball met.hocf 
' i . • . ' � . " : 

'' ., .. 

bleached paper stock; this too shows· a .loss of ~tr~ngth_!. 
. ·, .. ; ·.,' ' ,;,:, 

Tests results are tabulated: in· Tabie: II~. 1 

14% 45.8 44.2 12~4-20~5 



T2:;0sm-50. Curves were drawn, fig�" I,· to. represent. the. 

viscosity of the pulp ae the time of b�eaching ie:·increased • 

. The slight. increase in viscosity �hen: 0102 we.a· the bleaching 

agent is probably due to the .puri�_icaticin .o_f _the pulp by; ��02� 

The.pulp shows a definate degradati·o� whe�:·bleached wi�}<. 

hypochlorite. 

Third Experiment. Because paper stock is hardly ever 
.•· . '.· ( - ' --· . ' . 

used 100% in paper, it was nece�sa�Y. to 'find. out'�e>.�7 :.�u-�ll
strength paper stock contributes to a finished she.et. :· · 

• 
> ••• • •  '. , ' :· .' 

18 

This was done by maki!lg sheets with mixtures of virgin 

pulp, bleached and unbleached paper stock •. 

Five pulps were prepaz:ed. for thHi wor� as 'follows: 

A- 50% Kraft and 50% s�lphiti beat�n\n·a Valley.
Beater to a C.S. Freeness of 580.. 

B- 50% Kraft and 50% sulphite beat�n in a Valley
Beat er to a C •• s. Freeness of. :;78 •. 

0- Unbleached d�inked 'stock •.

D.;. "011 bleached for three hours �t·eo°F_ with 5% \
01

2 
as Ca00l2• 

E- Same as 11 D 11 except with.lQ%:.c12�. . . .:, ..

Sheets were made. with mixtures of\these ·pulp� -�nd:tested at. 
,, 

' \'' .·. ,, 

. 50% R.H. and 72°F. 
< ,', • 

.·· )- ·,: •, 

The results are tabulated. in Table· III •.

Fourth Experiment. The a.bov·�· sheets w�re made with papei:, 

stock that was not degraded ti, much of ·an extent.··· 

More pulp was then bleached·swith the. intention ·t�··· 
, . ' ' " . 

degrade it more. The same virgin pulp mixtures, were.tised, 

and the same unbleached deinked stock� , · 
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. One new pulp was prepared iit:e foli'ows: 

.r- 11 011 bleache �i�1tfoj/:�ii:1�ni '.hyp�chl'orite at 
110°F for 5 ·hour.st/ ::C :t\{:::;_'.� :-!(. i . '.. ·.. . >. .• ·

Sheets were made with ·n�_n./ '.1 B".}:; 1ic�:,· �rid. "F."::pulps• anl

tested. Results are ta bua ted · in· Ta bl� · IV. 

Sheet Pulps 
Used' 

1· A 

2 B 

, C 

4 D 

5 E 

6 50% A. 
50% B. 

7 40% A 
60% C. 

8 40%.A 
60% D 
40% A: 
60% E 

10 40% B
60% C. 

11 40% B: 
60%;n· 

12 '40% B
'60% E 

Basis Wt. 

,9.2 

40.7 

44.6 

44.6 

44.8 

,a.2 

46.6 

46.6 

45.0 

46.6 

46.2. 

46�2 

Table III 

Brightness. Mullen . Tear ::>Fold 

27.0 

19;·9 

.20.2 

-20�1

,,o .. a 
·. 

51.l 

·. 41�6.;

_4a·:1·· 
.. 

·4a.o:

••:20·. 

146' 

. ' . 

-95''·

9 
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Te.ble IV

Sample Pulps Basis Wt. Mullen: .Tear .. •.·· 
·. 0or. to· 45/1 

Fold.
Used ·25 X 58-500

1 0 45.7 

2 60% 0 4;.6 
·40% A

; 60%·0 4;.6 
4P% B 

.4 F 45.0 

5 60% F 4;.a 
40% A 

6 60%F 44.9 
40%.B 

, .

·18.0

22 8 ·.. . . 

27.0 

17�0 

24.5 

26.4 

:59.2, 

. 64.4 

53.6 · 

.;6.o 

'49.4 

. ·. 

·. 41.8 ·.

'14. 

4; 

51 

'. 7 

.:42 

49, 

Fifth Experimert • So f'ar the sheets have been made ·without : 

first beating the paper stock.. The: foll.owing. experiment we.a 

done to show the advantage of bee.ting the. paper ate ck before 
.r . .  ' ';· "� >•·, , . .�,. ,• , , ·, : 

, -

making sheets. 
,. ¼ _ "'

: · . ! ', 

i:..: ;: 

Four pulps were prepared as.'•rol
0

lo�SL 
,;:· . ' '. ,', � ' : . 

B- 50% kraft. and 50%·;,�lphl
1

ite b��ten to a o.s.
freeness of 430.: , ;'', · '.• '.·. '· :.· .. :,�· 

' ·, .. i � ' ,� f'" . : ,_ �'
0- Unbleached paper s_tock.

E- ·. "o" bleached with 10% 012 �a. O�0CJl.2 ·e.t }l0°F 
f'or three hours• · . '. . :. • . . . . · 

Sheets were made using the above pulps •. Also 00 11 and 

11 E 11 were· beaten in e. valley beater f'or.15. minutes. without the 

beater weights on, these pulps are o1. e.nd)p a�d sheets made 

f'rom these pulps. Teats results are tabulated in Table V.



22 

Table V 

Sample ;Pulps Basia Vlt. Mullen· Tes.r·· - Fold-
Used 25 X ;8-500 Cor. :1:.0 45/1 .

.0 45.6 . 18.2 .. :5;.8 9 

2 E · 44.o 17.1 ;7.7 .; 

; Cl 46�4 ·20.0 . 51.1 11· 

4 El 44.6 16.0 ;5_.5 5 

5 50% B 48.0 29�0. 66.0 55 
50% C 

6 50% B 46.5 29�0 62�0. ,, }6 
·50% E

. .  
, • ·  

, .  

7 50% B 47.0 ;o.o '65�0 -:_58 . .

50%-C 

8 50% B 47.0 ;o.o · •

54.2 . 55 
50% E 

Oonclus ion. If paper stock is .. bleached too. hard .with 

hypochlorite bleach., the strength of_ th_e paper. stock can be

_ considerably lowered. When the degraded :Pape17. stock is. 

used to make paper ., the finish
0

ed paper win _show 'a: lower 

strength than if the .paper �tock. has not: been d�gradeci�' 
. ; ' ! � 

� • . • . 

Thia lowered strength of'. finished: paper'. can be over.come· 

by bleaching with chlorine dioxide. \Vhen the pap�r st�ck is · 

bleached. with chlorine di�xid�� i ih�;�'.: ii·- �o d;crease in_ the · 
• . 

.. 

·•.t - � .  
:: . . 

.• 

. - - ,; 
. ,

. 

. 

• . 
•. '". 

streng�h o� pie p�per, stoc� ?r the, f'ini�hed .Ptiper. ·.
-' , ' • • ; I ' '  ; i ' • ·. 

The.amount of' strength that can be.saved with chlorine 
. . .  . ·. · .  ·, ' . ' 

' .  

dioxid� depends .on the type of. paper to be 'made arid the · 

quality of the deinked stock. 

. -b_�/-S3/ 

• ···1,•.· 

'.·,:,'' 

1 
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