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SUMMARY 

The discussions revealed that there is a need for su~h conferences 

where new ideas are presented and where under a neutral chairmanship, 

an objective discussion takes place on the pros ~nd cons of such 

new technologies and their benefits for developing countries. UNIDO 

can play a vital role here in disseminating up-to-date information 

from engineering companies and research organizations. 

It was realized that very often new processes are tested or are 

developed o~ly for one or two raw-materi~ls exclusively wood-based, 

and that such new processes. in order to be accepted by developing 

countries, do nee<l to be further developed, incoiporating the raw 

materials mostly available in devel··ping countries, i.e. non-woody 

fibres. 

For the low-cost integrated paper mill process, there was only 

theoretical interest, beca~se the work was bJsed on eucalyptus 

plantation wood only. and in many Asian countries, such wood is 

not availabl~ or not favoured. The proposal en make an energy

autark mill was supported by the participants hue the idea to use 

wood/wood-waste as fuel to produce steam and generate r.ack-pressure 

power in countries where deforestration is already a major problem, 

did not find any sympathy. The high electrical power consumption 

per ~on and the peroxide bleaching recommended were criticized. 

There is an urgent need to have non-woody mat~rials tested and 

the peroxide bleaching should be replaced by the orthodox bleaching 

methods like two-stage sodium hypo-chlorit in order to really 

evaluate the possibilir~ of these high-yield pulping proces~es 

for starting small pulp/paper milld in developing countries. 

T;e participants, very much impressed by the Government of Sweden's 

w~llingness of financing such ~rudies, asked whether such non-woody 

studies could again be financed by don~rs, e.g. Sw~den. 
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There was also great inte!"est to avoid the classical pulping 

chemicals sodium or sulphur-based and to learn whether oxygen, 

if possible, produced indigenously in a pulp mill, could do an 

excellent pulping/bleaching job in small pulp mills using non

woody materials. 

More research should be done in this field. 

The recovery of chemicals, often not done in small mills, is of 

greatest importance to reduce production costs and to avoid 

pollution of rivers. 

There is an argent need for a low-cost, easy-to-operate process. 

The discussions showed that the OARS process has some potential 

but it was also called a knife-edge process which means that the 

process is very difficult to control under p~actical c~nditions. 

First experiences of a full-scale production unit in Australia 

have to be awaited and evaluated. 

Th~ wet-cleaning of fibrous non-woody materials before pulping, 

a It hough high in energy-consumption, bri~ many advantages, Ii k•! 

- removal of sand, of salts (from salty soils or plant intake 

of fert~lizers) silica; 

- more uniform and faster penetration of co~king liquors, 

there•y equalizing Lhe 1110isture VBriations in the raw

materials, thereby guaranteeing mor~ uniform pulp. 

More appropriate pulping machinery for cookiug 1nd washing are 

recommended for future mills. 

The use of non-sulphur pulping chemicals should be favoured. 

·rhr principle of selective pulping for non-woody materials, as 

now been described and practically carried out in the NACO 

prc ... ess for straws, needs more research comprising ot.,.er non

woody fibres like bamboo, bagas~e, cotton stalks etc. 

• 

.. 

• 
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UNIOO i~ very thankful for the foresight of SIDA to allow UNIDO 

to organize such specialized small technical seminars with 

experienced mill personnel in Asia, thereby bringing forward the 

consolidated know-how and the science of pulping and paper-making 

of non...woody materials. 

Many questions have been raised which demand further research 

and developing work of the international COlllllunity. 

The special conditions existing in Asia must be &PmembPred ar.d 

considered in future research & development progranaes. 

There is a great future in pulp/paper making in developing 

countries of Asia, because, as the latest FAO statistics s:1ow, 

the expansion of the pulp/paper industry in many of these 

developing countries will be double to triple the expansion 

rate, now existing in many developed countries. 

In general, it was felt that good new ideas have co"le to the 

attent~on of the participants from developing countries but 

the basis '.or the research work was always very small and only 

of interest to developed countries, (e.g.: eucalyptus plan(ations 

which ofte" do not exist or are not favoured in developing coun~ries). 

Therefore, a plea goes again to researchers and developers in 

developed countries, whenever they bring out new processes or 

new machinery, they should also incorporate in their testing 

non-woody materials (e.g. straws, reeds, bagasse, bamboo, ke~af, 

jute, cotton-stalk~ ••• ) which stili, in most developing countries, 

are the fibre basis for the pulp mills. 
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OBJECTIVES 

The objectives of this Technical Seminar were: 

I) To come to a better understanding of the various pulping 

processes suitable for small-scale pulp/paper mi~as in 

developing countrie~; 

2) To have a better guidance for future techPical research 

and development wor~ appropriate for d~~eloping countries; 

3) To establish a closer link and co-operation betwe~n 

developers and rPsear~hers and users of such new pulping 

processes, e.g. che NACO process in pulp/paper making. 

The participants were very •hankful (See Annex l) [or this 

Technical Seminar and the sp~a~ers also were very pleased to 

h1ve much time (or discussing their work with the participants, 

who often, very critically, dec~nded more information or 

further rt>~earch work (See resolutions). 

tr'ilDO benefitted greatly during thJ!> ~eminar by o~>taining 

a lot of first-hand informati11n froin the mills in Asia. A 

number of new project pr0posals for t~rrher down-co-earth 

n•search and development work for th• mi 1 ls or in rhe 

countrie!; were the result o~ thl• Tt•Ch<'· a: Seminar. 
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RECOMMENDAi'lONS 

1) a. Need new ideas on how to produce low-cost pulps and improve 

the operating efficiency of existing mills. 

b. Need new ideas for the development of low-cost pulping pro

cesses that could be applied for non-wood fibre mills. 

2) Development work is needed on the application of the OARS 

and/or similar recovery systems for non-woody materials. 

3) Development work is needed on the possible application of 

the NACO pulping system, replacing certain equipment com

ponents of non-wood pulp mills. 

~) Further continuation work is recommended on the desilication 

and removal of silica in proc~ssing non-wood fibre based 

black liquors. This is based on the progress so !ar made 

with :he kraft process and the need to extend this ~ork ~or 

s.oda and neutral sulphite process. 

S) Development work is needed for the processing of black 

liq~or from neu:ral sulphite chemical process of non-wood 

t ibre mil ls. 

6) Development work is needed to recover chemicals from semi

chemical pulping of non-wood tibres. 

7) Development work is needed on thr apv:il".ation of membrane 

filtration techniques for the rer:overy .-,f chemicals from 

black liq~or, which are not responsive co tradition~} 

treatment methods. 

8) Developmt'nt work is needed on the applica~ion of oxygen for 

delignification and ozone bleaching for non-wood fibres. 

• 

• 

• 

• 
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9) Development work is needed on improving the efficiency on 

brown stock and bleach washers. One possible con~ideratio~ 

is the use of horizontal washers. 

10) Development work is needed on the revival of the old lime 

process for the manufacture of corrugating medium and paper 

boards from non-wood fibrous materials. 

II) Development work is needed for the efficient col!ection, 

handling and Laling of straw from the fare tc the mills 

(Example: han~ling of short-stem wheat straw after thrashing 

as in the case of Pakistan). 

12) Development work is ne~ded on the application of fib,~ 

fractionation methods to separate the long bast fibre from 

the short woody p~rtion of certain annual plants such as 

kenaf, hemp and ~un-hemp • 

• 3) Cevelopffi~~~ work is needed to investigate whether non-wood 

fibres rea~t positiv~ly under the application of the OPCO 

Proce"is. 

14) Development work is needed on the application of CHP, CTHP 

Process fer non-wood fihres using relatively low energy 

inputs for fiberization. 

15) Due to the non-uniformity of annual plants it ts recommended 

the principle of applying selective pulping ~eeds tor 

further study. 



~R~PALTION OF THE CONFERENCE 

1) PROJECT HISTORY 

The project idea was discussed by SIDA and UNIDO in Vienna 

in October 1982. The draft project proposal was submitted 

in July 1983. Activities were finalized in Stockholm in 

Hay 1984. The project document was signed ~n 13 July 1984. 

~mall changes were agreed upon on 21 November 1984. PAD 

was issued on 19 March 1985. 

2) UNIDO'S ACTIVITIES· 

April/Hay 1985 - The consultant, Hr. P. Bleier, was hired 

part-time, to assist Headquarters in pre

paring the technical progranne and con

tacting potential speakers. 

17 July 1985 Letters were sent out, inviting the following 

consulting firms to contribute technical 

papers to the seminar: 

- BABCOCK & WILCOX Co, U.S.A. 

- SUMOS Defibr~tor AB, Sweden 

- Kraftanlagen Heidelberg, F.R.G. 

- Sw~dish Forest Products Research 

Laboratory, Sweden 

- ZlHPRO, U.S.A. 

- EKONO, Finland 

- BETZ, U.S.A. 

- NALCO, U.S.A. 

- SEKER, Spain 

- CELPAP Int., Sweden 

- FAO Rome was also informeo about the 

Seminar and invited to participate. 

• 

• 

• 



.\ 
\ 
• 

17 July 1985 

End July 1985 

28 August 1985 

-5-

T~e following consultants/speakers were also 

invited by letter to provide contributions: 

Hr. Basu, CHemical Engin,~ering Dpaat., India 

- Hr. Bleier, Desilication Expe~t, Austria 

- Hr. Pant, Cer.tral Pulp/Paper Research Institute, 

India 

- Hr. Keswani, Cheaiprojects Design & Eng. Ltd., 

India 

- Hr. Jeyasingda, UNIDO Expert, U.S.A. 

- Hr. Judt, backstopping officer of the project, 

IO/CHEM, undertook mission to Bangkok to 

investigate hotel/conference facilities, 

discuss technical prograane and initiate 

visit of seminar participants to Phoenix 

Hill in Khon Kaen. On 31 July 1985 he 

attended a meeting with Ms. Naiyana Niyomwan, 

Head, Fibre Research Laboratory within TISTR 

(Thailand Institute of Scientific and Techno

logical Research) to clarify above points. 

- Letter was sent to Phoenix Pulp Mill with 

request to assist in arranging mill visit 

for seminar participants. 

2 September 1985 - First informative telex on Seminar was sent 

to the following countries: 

Bangladesh 

India 

Indonesia 

Iran 

Pakistan 

Philippines 

Sri Lanka 

Thailand 

Turkey 

Vietnam 
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4 November 198'.> 

'.) November 198'.> 

13 November 198'.> 

13 November 198'.> 
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- Offi=ial Invitation Letter and Aid~-Hemoire 

were sent to countries mentioned above. 

-· Invitation received from Mr. Oavidson, Mill 

Manager of Phoenix Pulp Hill, for mill visit 

planned for Thursday, '.) December 198'.>. 

- Expert, Hr. Jeyasingam (Expert in Critical 

Analysis of STraw Pulping Methods World-wide) 

was recruited. 

- Additional speaker~, Hess•s. Vihari and 

Kauppi were nominated by Mr. Kyrklund, FAO, 

Rome. 

- Technical Programme and Aide-Hemoire were 

sent to the followin~ consulting firms and 

speakers: 

SUNDS Defibrator AB 

Kraftanlagen Heidelberg 

BABCOCK & WILCOX 

Hr. Vihari 

Mr. Kauppi 

Hr. Jeyasingam 

Hr. Bleier 

By 27 ~:ovember 198'.> - Nomin<>tions oi l'.> candidates from 8 developing 

countries were rec~ived, namely from: 

- Bangladesh (2 participants) 

- India (3 participants) 

- Indonesia (2 participants) 

- Pakistan (2 part icipar.ts)* 

- Pi1il ippines(l participant) 

- Turkey 

- Vietnam 

- Thailand 

(I participant) 

(1 participant) 

(organizing country - 2 

participants submitted) 

• 

• 
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* Please note that an additional participant 

from Pakistan was present at the 1e~ting 

due to the fact that he had attended another 

UNlDO Workshop on Wastepaper Utilization 

in Bangkok, the week before, and expressed 

interest to extend his stay. 

All nominated candidates were accepted by 

UNlDO. 

Iran and Sri Lanka did not send representatives. 

The following background papers were supplied by UNIDO to the 

participants and were used during the technical seminar: 

Alternative Pulping Processes - by H. Judt 

Research Problems in developing countries using non-woody 

fibres as seen by UNIDO - by H. Judt 

Low-cost Integrated Paper Hill - A Swedish Concept for 

Developing Countries - Kenneth SjHrgren, SUNDS 

Appropriate Industrial Technolosy for Paper Products and 

Small Paper Hills (lD/232/J) 

Small Sc~le Paper Making - lLO 
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LIST OF PARTICIPANTS 

I. Hr. Syed Amjad Ali 

Production Manager 

Century Paper and Board Hills Ltd. 

7 - Aurangzeb Block 

New Garden Town 

Lahore 

PAKISTAN (Tel: 852-653) 

2. Hs. Nursjamsu Bahar 

Researcher for Pulp Division 

Institute for Research & Development of Cellulose Industries 

JI, Raya Dayeuh Kolot 158, 

3. 

4. 

Bandung 

INDONESIA (Tel: 50623/39812) 

Hr. Subhash Chandra Bajaj 

Assistant Development Officer 

D.G.T.D. Ministry of Industry 

Government of India 

INDIA (Tel: 301-0291 

Mr. Kemal Cankaya 

Assistant Hill Manager 

SEKA Akdeniz Hill 

SEKA Akdeniz HUess 

Silifke/lgel 

Ext. 

TURKEY (Tel: 7591-1555) 

5. Hr. Preecha Cherdkiatikul 

Production Engineer 

Thai Union Paper Hill 

131 Poochaosamingprai Rd. 

Samrongtai, Phrapradaeng 

Samuthprakarn 10130 

THAILAND (Tel: 3940622-4) 

378) 

• 

• 
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6. Mr. Al.an R. Dimzon 

Technical Superintendent 

Unit~d Pulp and Paper Co. Ltd. 

Fifth Floor Phimaa Bldg. 

166 Salcedo Street, Legaspi Village 

Makat i, Metro-Han ila 

PHILIPPINES (Tel: 874-061) 

7. Mr. Anvarul Haque 

Deputy Chief Operation Manager 

Khulna Newsprint Hills Ltd., BCIC 

Town Khalishpur, Khulna 

BANGLADESH 

8. Mr. Suraporn Homchean 

Manager-Bleaching Section 

Sia• Pulp and Paper Co., Ltd. 

19, Sang-Xuto Road, 

(Tel: - ) 

Ban Pong, Rajburi (Tel: 21138c1-90) 

THAILAND 

9. Mr. Vo Quoc Lam 

Process and Development Vice Manager 

Union of Paper No. 1 

Hanoi 

VIETIWI 

10. Mr. Saiful Kalook 

Plant SUperintendent 

Century Paper and Board Mills, Ltd. 

19/23 Canal Park 

Lahore 

PAKISTAN 

11. Mr. P.V. Mehta 

De••elop.e11t Officer 

D.G.T.D. Ministry of Industry 

Gover...ent of India 

lllDIA 

(Tel: 57702) 

(Tel: 870-554) 

(Tel: ) 
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12. Ms. Naiyana Niyomwan 

Head of Fibre and Textile Chemical Lab. 

TlSTR 

196 Phaholyothin Road 

Bangkhen 

Bangkok 10900 

THAILAND 

13. Hr. Wisit Pitiwattanakul 

Scientist 

SIAM Kraft Paper Co., Ltd. 

19 Sang-Xuto Road 

Ban Pong 

Rajburi 

THAILAND 

14. Hr. Perapat Pongvorawat 

Chemical Recovery Section Manager 

Siam Pulp and Paper Co., Ltd. 

19 Sang-Xuto Road 

Ban Pong 

Rajburi 

THAILAND 

15. Hs. Wiek~ Pratiwi 

Researcher of Pulp Division 

(Tel: 579-8591) 

(Tel: 211388-90) 

(Tel: 211388-90) 

Institute for Research & Development of Cellulose Industries 

JI. Raya Dayeuh Kolot 158 

P.O. Box 194 

Bandung 

INDONESIA (Tel: 50623/59812) 

16. Hr. Sirisak Suebsiri 

Technical Advisor and Project M~nager 

Thai Scott Paper Co. 

293 Silom Rd. 9th Floor 

Bangkok 

THAILAND (Tel: 3940983 - Factory 

2331093 - H.Q.) 

• 

,, 

• 
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LIS~ OF SPEAKERS 

I . Hr. P. F. Bleier 

Consultant 

UNI DO 

Rat ha us Strasse 13/25 

A-1010 Vienna 

AUSTRIA (Tel: 421-0282) 

2. Hr. G.H. Covey 

Manager DARS Technology 

APH Ltd. 

P.O. Box 1643 N 

Melbourne 

Victoria, 3001 

AUSTRALIA (Tel: 490-3359) 

3. Hr. T. Fran?.en 

Process Manager 

SUNDS Defibrator AB 

Sundsvall 

Sweden (Tel: 060-165000) 

4. Mr. T. Jeyasingam 

UNlOO Expert 

P.O. Box 425 

Longview 

Washington, 98632 

U.S.A. (Tel: 206-425-6858) 

5. Mr. M. Jude 

UNIDO Senior Ind. Dev. Officer 

P.O. Bex 300 

A-1400 

Vienna 

AUSTRIA (Te I: 2631-3942) 



b. Hr. P.K. Kauppi 

Engineer 

rl~dic ~ngineering Ltd. 

430-il55 West Georgia Street 

Vancouv~r, B.C. 

CANADA 

7. Hr. B. Kyrklund 

Chief, Pulp & Paper Branch 
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(Tel: 604-688-3025) 

Food and Agriculture Organization (FAO) 

Via delle Termc di Caracalla 

Rome 

ITALY 

8. Hr. Brian Orgill 

Regional Director 

SUNDS Defibrator AB 

21 Collyer Qudy, # 18-02, A 

Hong Kong Bank Building 

Singapore 0104 

SINGAPORE 

9. Hr. P. Vihmari 

Sales Manager 

15 Shamrock PDE., Killarney Hts. 

2087 NSW 

AUSTRALIA 

(Tel: 579-74132) 

(Tel: 225-0182) 

(Tel: 451-0065) 

• 
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TECHNICAL AGENDA 

Monday, 2 Decemb~r 1985 

Chairmanship: UNIDO 

08.JO - 09.)0 Registration 

09.JO - 10.00 Opening Ceremony by H.E. Deputy Prime Minister 
Bhichai Rattakul 

Welcoming Address from TlSTR, FAO, UNIDO 

10.00 - IO.JO Coffee Bre2k 

IO.JO - 12.00 Alternative Pulping Processes by Messrs. Bleier/Judt, 
UNI DO 

12.00 - 14.00 

14.00 - 17 .00 

and 

Discussions 

Lunch Break 

Survey of Straw Pulping Methods by Hr. Jeyasingam, 
UNlDO 

Discussions 

Tuesday, J December 1985 

Chairmanship: 

09.00 - IO.JO 

FAO 

Small Scale Pulping 

FAO's Activities in Small Scale Pulping, by 
Hr. 8. Kyrklund, FAO 

NSCHP - High Yield Pulpiny, Process for Small Pulp 
Hill by Hr. P. Kauppi 

IO.JO - 11.00 c,,ffee Break 

11.00 - 12.00 Different Application of OPCO Pulping Process by 
Hr. P. Vihmari 

12.00 - 14.00 Lunch Brea~ 

14.00 - 15.30 Low-cost Integrated Paper Hill - A Swedish Concept 
for Developing Countries (Honopulp Process) 

Recent Developments in Chemical Pulping and Bleaching 
by Hr. 8. Orgill and L. Vasman 

Non-woody Materials Pulping 

Discussion 

JS.30 - 16.00 Coffee Break 

16.00 - 17.00 Research Work on Kenaf Oxygen Pulping, By Ms. N. Niyomwan,TISTR 

Dhcussion 
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Wednesday, 4 December 1985 

Chairmanship: UNIDO 

oq.oo - 12.00 Country Paper TURKEY 

Cc-untry Paper PHILIPPINES 

MACO Process by SUNDS, ~weden: 
''The •;.\t:O Process - A Selective Puiping Process for 
Annua• Fibre Ra"' Material" by Hr. T. Franzen, SUNDS 
Defii..-.ltor AB 

Discussion on NACO Process 

12.00 - 14.00 Lunch Bn•ak 

14.00 - 15.30 Country Paper BANGLADESH 

UAkS Process by BABCOCK & WILCOX 

Fluidized Bed Recovery and Causticizing for Soda 
Black Liquor by Hr. Matthys and C. Covey, 
BABCOCK & WILCOX Co. 

15.30 - 16.00 Coffee Break 

16.00 17.00 OARS Process by BABCOCK & WILCOX contd. 

Country Paper INDONESIA 

Country Paper INDIA 

Discussions 

Thursday, 5 December 1985 

Visit to the Phoenix Pulp Hill in Khon Khaen 

Friday, 6 December 1985 

Chairmanship: UNIDO 

09.00 - I0.30 Country Paper PAKISTAN 

Country Paper VIET NAM 

Country Paper THAILAND 

Desilication of Bamboo Black Liquor, by Hr. P. Bleier, 
UNIDO Expert, 
Report on UNIDO/SIDA project in India (US/IND/79/206) 

10.30 - 11.00 Coffee Break 

11.00 - 12.00 Summary of Conference 
Final discussions, recommendations by participants 

12.00 - 13.00 Lunch Break 

13.00 - 17.00 Visit to the Thailand Institute for Scientific and 
Technological Research (TISTR) main laboratories and 
pilot plants: oxygen pulping, handmaking of paper, 
pyrolysis of rice husks, briquetting of rice husks, 
alcohol from cassava. 
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OPENING ADDRESS 

LO 

THE SEMINAR ON COMPARATIVE PULPING PROCESSES 
INCLUDING THE HONOPULP PROCESS 

by 

H.E. DEPUTY PRIME MINISTER BHICllAI RATTAKUL 

on 

HO~DAY, DECEMBER 2, 1985 

Hr. Minister, Representatives of the United Nations Industrial 

De~e:1pment Organization, the Swedish International DPvelopment 

Authority, the Food and Agriculture Organization of the United Nations, 

Governor of the Thailand Institute of Scientific and Technological 

Research, Participants, and Distinguished Guests. 

I am greatly honoured to inaugurate today this Seminar on 

Comparative Pulping Processes including the Monopulp Process hosted 

by the Royal Thai Government with the cooperative efforts of the 

Thailand Institute of Scientific and Technologicol Research (TISTR), 

the United Nations Industrial Development Organization (UNIOO), the 

Swedish International Development Authority (SIDA) and tne Food and 

Agriculture Organization of the United Nations. 

This is the second time that l have officiated at the opening 

ceremony of a seminar on paper and pulp industry. 'rhe preceeding 

one, addressing the subject of utilization of waste paper in pulp 

and paper .aking, was held just this past week in this very place. 

Though 1 am but a mere politician and therefore have but a 

limited layman's knowledge of this particular subject, 1 whole 

heartedly support this cooperative activity as it furthers the 

frontiers of applied science and technology to serve mankind. The 

Government of Thailand keenly recognizes the vital i111portance of 

~cience and technology in the economic and social development of 

this nation and has accorded them a prominent role in our national 

development plan. 

l 
' 
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I wculd like to recognize at this point the late Minister of 

Science, Technology and Energy, H.E. Damrong l~~h~pipat, who success

fully encouragPd the organization of the First National Science Assembly 

on Economic and Social Development through Science and Technoiogy in 

March 1984. This meeting was purposely t~ mobilize force of ideds and 

considerations for application of science and technology for the 

national development in industry, agrirulture, energy, environment 

and resource management, including ~ational defence. The resolutions 

adopted by this Assembly have received lull support from the present 

Minister of Science, Technology and Energy H.E. Lek Nana and my~elf. 

It is believed that the rate of paper consumption of a country 

can serve as an indicator of the degree of progress of that nation. 

The more advance is the economic and ~ocial development the greater 

is its paper consumption rate. For Thai!and the demand for paper has 

been increasing yearly while the local pulp production is not enough 

to feed paper mi I ls, the count r:· therefore has to import pulp valued 

at over 1,000 ;ai 11 ion baht each y~ar. The Royal Thai Government there

fore re,ognizes the impor~ance of the pulp and paper industry. UNIDO, 

I understand, has placed the pulp and paper industry in the first order 

of priority f:•r industdal development. 

In Thailand, raw ma~erials applicable to the pulp industry are 

in abundance; both trees which provide long fibre such as the 

t~opical pine and fast growing trees which provide ~hort fibre. 

The Giant lpil lpii, the Casuarina, the Eucalyptus and the Acacia 

mangium are some examples. Bamboo and non-wood produces, for example, 

kenaf, bagasse, rice straw and Burma grass may also serve as raw material. 

Thus the prospect oi increasing pulp production from these mentioned 

raw materials for self-reliance in industry is bright. 

I am therefore very pleased that UNIDO has earmarked the pulp 

and paper industry for special development and promotion and has 

actively organized various technological workshops on pulp processes 

in several developing countries. Now the same contribution is extended 

to the Royal Thai Government to organize the seminar on Cotlparative 

Pulping Processes Including Honopulp Process, through the courtesy 

• 
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o( thE Thailand Institute of Scientific and Technological Research. 

This seainar viii address the subject of exchange and transfer of 

technology in relation to pulp processes including chemical recovery 

systems for small-scale pulp industry. 

On behalf of the Royal T!tai Government, 1 would I ilr.e to express 

~y deep appre=iation to UNIDO for supporting and promoting this 

seminar and to SIDA for its financial contributions and assistance. 

Now at this auspicious moment, 1 hereby declare open the 

technical Seminar on Comparative Pulping Processes including the 

Honopulp Process, and wish it every success. 
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WELCVHlNG ADDRESS 

to 

THE SEMINAR ON COHPfRATIVE PULPING PROCESSES 
INCLUDING THE HONOPULP PROCESS 

by 

PROFESSOR DR. ~HlTH KAHPEMPOOL 

GOVERNOR, THAILAND INSTITUTE OF S~~~NTIFIC AND TECHNOLOGICAL RESEARCH 

on 

DECEMBER 2, 1985 

Your Excellency, Distinguished Participants, Ladies and Gentlemen, 

On behalf of the Thailand Institute of Scientific and Technological 

Research and the Organizing Committee, I have great pleasure ir. wel

coming you all to the Seminar on Comparative Pulpir.g Processes including 

the Monopulp Process being held in Bangkck for five days from Decemo~r 

2 to 6. This Seminar is the second meeting on paper industry organized 

in succession to the Technical Workshop on Waste Paper Utilization 

in Pulp and Paper Making, j~st completed here on November 29, 1985. 

It is well aware that in the paper industry a problem now facing 

our country is the shortage of pulp production, though the matter of 

waste paper recycling has been taken into 3Ccount. 

Since natural resources and agricultural products are bound in 

abundance in our country, these are considered sufficient to serve 

as raw materials for pulp industry. Thus, the opportunity to develop 

this industry is regarded high. 

During the course of this seminar, all the participants, I am 

sure, will have a great chance to exchange the know-how and experience 

in pulping process of smal!-sLale paper mills as well as in non-wood 

pulping. Ir my opinion, de~eloping countries should pay special 

interest to this technology including the so-called clean technology, 

about which every nation o~~ht to keep abreast for the sake of world 

~nvironm~nt pres~rvation. 
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As for the resulLs of the seminar, I earnestly hope to see 

strengthen~ng cooperation among the developin& CJuntries in im

proving skjll and expertise of pers~nnel of paper and pulp mills. 

The parti~ipants will also ~e provided with r• levant information 

and papers on case study of each pulp and paper mill, which could 

be technologically applied to your respective plants. 

Besides, I am confident that the seminar participants, 

specially those who come from abro~d, will have a happy time and 

opportunity to visit many Thai attractive spots and explore our 

arts, culture and custom, different from what you have seen before, 

and of which we are very ?roud. 

Our deep appreciations are hereby expressed to UNIDO, SIDA 

and FA~ for their kind support and contributions to this valuable 

seminar. And in the name of the Thai Government and the Thailand 

Institute of Scientific and Technological Research, I wish to wind 

up by pledging our ready cooperalion in hosting other technical 

m~etings or workshops to be orgauized by international agencies 

in the future. 
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REPORT 

to 

H.E. DEPUTY PRIME MINISTER BHICHAI RATT/,KUL 

by 

HRS. UBOLSRI CHEOSAKUL 

SPEC~ALIST, THAILAND INSTITUTE OF SCIENTIFIC AND TECHNOLOGICAL RESEARCH 

at 

THE OPENING CEREMONY 

of 

THE SEMINAR ON COMPARATIVE PULPING PROCESSES 
INCLUDING THE MONOPULP PROCESS 

on 

DECEMBER 2, 1985 

Your Excellency, 

On behalf of the Thailand Institute of Scientific and Techno

logical Research, I wish to express to Your Excellency my deep 

gratitude for sparing your time to preside over the Seminar on 

Comparative Pulping Processes Including the Honopulp Process today. 

Also my sincere thanks are extended to the representatives of the 

United Nations Industrial DPvelopment Organization (UNIDO), the 

Swedish International Development Authority (SIDA), the Food and 

Agriculture Organization of the United Nations (FAO), and all the 

distinguished guests for honouring this function with your presence 

here. 

For Your Excellency's information on the background and 

objective in holdin~ this seminar, please permit me to present 

to you the follo~ing report. 

At the Third General Conference of UNlDO held in New Delhi. 

India, in January 1980, it was reco11111ended that UNIDO institute a 

~ystem of continuing consultations between developed and develr.ping 

countries and among developing countries themselves. 
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The objective of these consultations is to help the developing 

countries to achieve their industrial goals established in 1975 by the 

Lima Declaration and ?Ian of Action, in particular, the target of 

attaining at least 25 7. of the world's total industr:aJ output ty the 

year 2000 A.D. ln pursuing its mandate to render technical assistance, 

UNlDO hds made plan for various technical works~ops to upgrade the 

qualiffcations of engineers in many industrial sectors, of which the 

pulp and paper making is allocated high priority. 

Apart from these reasons, this technical seminar is held as a 

continuation of the Working Group Meeting on Technical Cooperation 

in four Specialized fields in Pulp and ~aper Making jointly organized 

by UNIDO and the Pulp and Paper Manufacturers Association of the 

Philippines, in Manila, the Philippines, in November 1980. Attended 

by 120 delegates from various agencies and organization~ both within 

the Philippines and from abroad, the meeting passed a resolution 

that one of the Asian countries ho~t a seminar 0n Comparative Pulping 

Pro.:esses including the Honopulp Process. The objective of the said 

seminar is to exchange knowledge and technology of various pulping 

processes, such as mechanical, chemi-mechanical, and chemical pulping 

including chemical recovery processes ~~r small-scale pulp mills in 

developing countries, so that non-wood fibrous materials can be used 

with more efficiency in pulp and paper making. It is a great honour 

(or Thailand to be entrusted with the function of hosting this seminar. 

In implementing this obligation the Government of Thailand assigned 

the Thailand Institute of Scientific and Technological Research to 

act as executing agency in collaboration with UNIDO for the organization 

of this seminar. 

This technical workshop is held for the purpose of raising the 

potential capability of personnel selected from the technical ,taff, 

numbering about 24, part icularl" pr<.>d11:.:t ion engineering supervisors 

of pulp and paper companies fr•,m 10 developing countries. These 

participants are expectPd to learn more of the know-how or to be 

enriched with experience in pulp and paper making from non-wood 

fibrous material~. Also ther will be provided with trchnical papers, 

check lists, mill case stories, etc. from which they can learn how 

to apply the know-how in their respective plants. 

I II 
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To attend this semirar, ~ach of the 10 participating countries 

were invited to send up to 3 representatives, most of whom are 

engi~· ·~ supervisors with no less than 5 years experience in pulp 

and paper making. These representatives will present to the meeting 

their technical papers on pulp pnd paper making of their respective 

mills including unorthodox pulping methods and chemical recovery systems 

which might have already been invented for their own applications. 

Also being aware of the vitality of the pulp and paper industry, 

the Swedish International Development Authority (SIDA) has kindly 

rendered financial contribution in cooperation with UNIDO for the 

organization of this seminar so as to accomplish the objective as 

planned. 

It is anticipated that all the participants will gain from this 

seminar not only knowledge but also valuable cooperation, both from 

the developed and developing countries, in the technology of 

comparative pulping processes and monopulp process. 

At this propitious moment, may I ask Your Excellency to deliver 

your address opening the Seminar on Comparative Pulping Processes 

Including the Honopulp Process, for its grace and honour. 
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WELCOMING ADDRESS 

t" 

THE SEMINAR ON COMPARATIVE PULPING PROCESSES 
INCLUDING THE HONOPULP PROCESS 

by 

HR. MANFRED JUDT 

SENIOR INDUSTRIAL OE.VELOPHENT OFFICEK, UNIOO 

on 

DECF..HBER ~. 1985 

Your Excellency, Ladies and Gentlemen, 

It is a great priviledge for me to welcome you on behalf of 

UNIDO to this International Seminar on Comparative Pulping Processes 

including the Honopulp Process here in Bangkok. 

You may know that my organization, the United Nations Industrial 

Development Organization, i5 expected to play a principal role in, and 

be responsible for reviewing and promoting the c~-ordination of all 

activities of the United Nations system in the field of industrial 

development. In fulfiliing this task LiNIDO activities are of two 

fundamental types - operational and supporting. Whereas the operational 

activitie~ noraally are carried out in the field by experts er.gaged in 

the industry, the supporting activities are also in organizing technicol 

meetings ~ith the purpose of examining the present state of knowledge in 

pulp and paper technologies and t!ten promoting and transferring technical 

know-how in and among developing countries. This pulp and paper meeting 

is therefore part of UNIDO's supporting activities in this field. 

Reviewing the development - on a~ internationai scale - of pulping 

over, say, the last decade, one finds, ~hat the pulp induGtry has 

continued on its ?>ath of "economy of scale" i.e. towards an ever

increasing size of single industrial ~nit!. Without radically departing 

from established technology, the ~uccessful search for more efficient 

and .,re reliable processf!s and insta! lat ions, has brought torth advances 

towards higher spP.cialization and sophistication. 
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World-wide then• is a trend to make pulping processes simpler. 

lower in energy-consumption. to ID3ke pulps with higher vields and 

use more and more low-cost wood waste material:., and in deveioping 

countries, specially here in Asia, agr~cul:ural waste materials in 

pulp and paper making. Of course, 3s discussed a week earlier, in 

an intt>rnational workshop, tlte recycling o{ waste paper into the 

pap~r furnishes is increasing and has become for many countri~s of 

utmost impfJrtam:e. 

Th~ Swedish GovPrnment and UNIOO/FAO agreed and SIDA was kind 

to tinance this Technical Workshop that a critica~ review of rhe 

~resent &rt of pulping, especially high yield ~ulping methods and 

chemical recovery systems used would be worthwhile to be discus~ed 

cogethe~ with pulp makers of 10 Asian countries. 

It is hoped that during this conferenco;> the developing 

couPtries may benefit alter addption from a quicker transfer ot 

some of the existing pulping .rnd chemical recovery know-how and 

the!'eby be supp">rted in their ende;;vours to increase and strengthen 

their pulp and paper making ~acilities at, ~t possible, lower pro

·.1•Kt ion costs. 

It i:. hoped that during this conference a number of recom

mendations ~ill be made on how by joint efforts also with the he!p 

of the llN-organizJtions new inir.iatives in pulping resedr..:h, in raw 

m1HPrial development. in desilicarion, in small-sc&le pulping and 

ch:>mical re-:cvery, to name a ftw possibi I it it-s, might be started. 

UNl!>O is very grateful to the Goven1ment of Thailand who 

volunteered to host this conference here in Bangkok and I am very 

ch~nkful for the excellent wor~ done by the Thailand Institute of 

Scientific and Technological Research, especially to the team under 

Mrs. Naiyan3 Niyomwan. in preparing and organizing this workshop. 

The rliscussions, participation, and your resolutions on which 

acrion you might expect in rhc future, to be malr during this meeting, 

will be the most important cnntributions, sprcially from the repre

s1•nf;lf iVP>; from thr IO drvelopin,.; countries. 
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l am sure that this meeting will reach satisfactory conclusions 

regarding the best ways an~ means of promoting industrial development 

in the pulp Jnd paper sector in developing countries, especially here 

in Asia. I trust you will give us your opinion as to the most effective 

way in which UNIDO could implement these conclusions. We value your 

advice and we shall do our best to carry out your suggestions and 

thereby benefit the developing countries. 

I would like to thank the Thailand Institute of Scientific and 

Technological Research for hosting this meeting in this country. 

Without your organization, this meeting would not have been possible. 

A special thank you goes to all the speakers who will present papers 

which will guide us during this meeting. 

In conclusion, I would like to thank you all for accepting our 

invitation to this meeting. l wish you every success in your 

deliberations. 
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ALTERNATIVE PULPING PROCESSES 

by 

P. Bleier and H. Judt 

Reviewing the development - on an international scale -

of pulping over, say, the last decade, one finds that the pulp 

industry has continued on its path of "economy of scale", i.e. 

towards an ever increasing size of single industrial units. 

~ithout radically departing from established technology, 

the successful search for more efficient and 1110re reliable 

processes and installations has brought forth advances towards 

higher specialization and sophistication. 

The second industrial revolution of computer control and 

regulation of all industrial activities has completely reshaped 

paper-making and somewhat slower also pulping; new methods to 

measure process parameter permit electronic engineers to design 

systems for controlling the complex chemical events in fibre pro

duction and in chemical recovery. 

Today's giant pulping units require enormous financial 

efforts and a highly develope~ infrastructure of material resources, 

of transportation, of labour qualification and of marketing. Such 

demands, however, cannot be met by non-industrialized countries, 

eager to develop their resources to cater for the need of their 

growing population. They require adequate, but certainly smaller 

and simpler pulp and paper-making units, in accordance with lllOdest 

infra-structure and markets and with the completely different local 

material and labour resources. 

Experience has shown that western R&D concentrating on 

optimization or large scale pulping is only of limiteG help 

for problem solving for developing countries' pulping. 
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Here approaches are demanded that aay appear to the western 

eye to be "unconventional", more likely to be attended to by 

"outsiders", either by quali lied but unbiased academics or by 

people from the mill floor, cnnversant with everyday pulp and 

papermaking reality. 

Unfortunately, little a~sistance to developing countries is 

forthcoming from the highly competent teams of cellulose chemistry, 

electronic engineers, chemists, biologists and othersassembled 

by the p~tent suppliers to the western pulping industry. 

All the same.it is important to carefully scrutinize all 

pulping development becoming public for their possible significance 

and application in developing countries. 

With this perspective in view the pulp and papenaaking unit 

in UNIDO, Vienna, has attempted to collect relevant publications 

over a period of years. A list of pertinent literature is avail

able to pa~ticipants of this Seminar. 

Allow us now to make a few remarks of a more general nature 

on some of the points under discussion in this seminar: 

Fl BRE SOURCES 

About 95 4 of the world pulp production still is wood-based. 

The largest portion of fibres still is derived from conifers with 

their comparatively long fibres, ease of penetration and ease of 

defibration. The utilization of deciduous wood has made great 

strides, particularly from plantations of non-inidgenous eucalypts, 

gmelina etc. in tropical rainbelt locations. Indigenous hardwoods 

are mostly harder and harder to pulp, also because of being mixtures 

of species with vcriable properties. 

With available forest area diminishing due to population 

pressure in developing countries (the bulk of wood still serves 

as firewood, mainly for cooking), future fibres supply uill in

creasingly have to rely on annually renewable non-woody sources, 
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i.e. on agricultural residues. Fertile soils are increasingly 

in demand for food production, leaving little room for industrial 

crops. Instead of taking up the challenges posed in pulping this 

special type of material. to them of '"insignificant importance" at 

present, the industrial world has chosen to discontinue its utilization. 

Non-wood pulping has become al..,st exclusively a concern of the 

developing worl-t. This seminar should supply evidence of :Buch of 

the work done so far in this field in non-industrial tropical 

countries. 

The open structure of straws and other annuals is advantageous 

for speedy penetration by cooking chemicals, but - unless vapour phase 

pulping can be practized - it requires large amounts of liquor, 

rendering recovery uneconomic due to high dilution. Other troublesome 

features needing special attention are low paper strength, problems 

of storage, of handling and of grit and of chemical recovery because 

of difficult brown stock washing, of silica and of low black liquor 

heat content. 

ENERGY 

The defibering of plant tissue is energy consuming. In merhanical 

pulping most energy required is converted into heat, with only a minor 

fraction utilized for fibre separation; the industrial high temperature 

chemical pulping processes are crude and heavy fisted in comparison to 

the soft paths taken by nature. However, biotechnological pulping is 

still far from practical applicability because of the slow action of 

natural fungal enzymes. By applying the powerful tool of genetic 

engineering for enzyneproduction, advances in bio-technical defibration 

are likely. 

Small pulping units should not try to generate their own electri

city inspite of the advantages of heat/energy coupling or utilization 

of excess heat in black liquor combustion of in thermo-mechanical 

pulping. In a world of diminishing or costlier fossil fuels, the use 

of spent liquor organics and of other renewable agricultural or forestry 

resources becomes increasingly important. 
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Direct use of solar energy for evaporation in dry countries is 

under consideration although solar ponds can hardly be economic where

ever space is not cheaply available. 

For most industrial processes higher temperatures are required 

than can be directly supplied by the sun. 

CHP AND CTMP (CHEHO-HECHANICAL PULP AND CHEHO-THERHO-HECHANICAL PULP) 

Mechanical pulping is attractive from the point of view of 

maximal yield and of reduced effluent load. Tt.e price to be paid 

for this is the high energy demand mentioned earlier and also break~ge 

of fibres with loss of strength and increased fines. The advancing 

CHP and CTMP processPs attempt to find an optimal compromise between 

purely mechanical and purely chemical pulping. Treatment before 

refining generally is alkalisation and sulfonation for swelling and 

for partial solution to weaken the interfibre material of plant tissue. 

Up to now the main application of chemo-mechanical pulping is 

with softwoods that lend th~mselves for this technology but unfortunately 

are often not available in tropical countries. Some species of 

eucalyptus and poplar are equally candidates for CHP/CTMP and some 

anits have started operating. 

In hardwood the penetration of chips with pre-treatment chemicals 

is critical, but sePms to come under control with pre-steaming and 

treatment in helical presses. 

Very little informatiun is available ~n the theoretically 

attractive application of chemo-mechanical pulping on agricultural 

residues; no industrial operation is known. Possibly, it is the 

grit contaminating 311 material harvested in the fields that 

prevents easy adoption; without grit removal the working-life 

of refiner disks is uneconomically short. Because of the eminent 

importance of opacity for newsprint and for other light weight 

printing stock CHP (e.g. Enzo Cutzeit) has advantages over 

pressuri7.cd pulping. 
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The traditional image of mechanical and high yield pulps being 

inferior - '"only good enough for packaging'" - is no more justified. 

Modern technology of bleaching and ol fibre cleaning permits production 

of high yield pulps fo~ printing; reduc~icn in paper brightne~s should 

be acceptable for all p•inting base except for four-colour work. 

The use of some mechanical pulp in coating base has becoae 

accepted practice. 

The economic and ecologic aQvantages of high yield pulping are 

obvious. 

NO SULFUR PULPING AND NO CLORINE BLEACHING 

The accepted practice in chemical pulping is the sulfur aided 

~raft process and bleaching with varying oxidized chlorine-compounds. 

Both classes of materials are highly c~rrosive for chemical plant and 

without the use of expensive and complex equipment, pollute the 

atmosphere and effluents. 

These drawbacks of conventional pulping can easier be avoided 

when agricultural rrops are used as fibre source. In alkaline oxygen 

pulping of wood a major hinderance is the difficult penetration of 

the active chemical into the wood chip; this is muc:1 less problematical 

with the open textured agricultural stalk material. 

Therefore oxygen pulping of non-woody fibre sources will be 

an interesting alternative technology, whenever small and reliable 

oxygen generators bec~me available to the industry. 

On the debit side of oxygen pulping - up to the present - is 

decreased mechanical strength. This problem might be solved by 

better control of chemical oxygen transfer as evidenced by the good 

results of soda/hydrogenperoxide pulping. The proposed application 

of dry strength resins with better effects on soda/oxygen pulps 

than on conventional material because of increased carbonyl and 

carboxyl groups also should be followed up. 
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Medium consisten~y oxygen blP.aching applied in primary 

bleaching stages has made great strides recently. 

The announced Ilalian Naco process, utilizing ozone and 

oxygen in series for pulping and bleaching also may turn out 

to be a valuable contriburion to oxygen delignification. 

It is obvious, that spent liquors from oxygen delignification 

&n pulping and bleac~ing permit simplified and less corrosive 

chemical recovery. 

UTILIZATION Na2co
3 

(NOT CAUSTIZISED SODA) IN PULPING 

The use of sodium carbonate i.e. of so called "Non Active 

Alkali" mixed to cauc;tic soda in a proportion of 60 : 40 has 

proven beneficial also for improved opacity of the pulp obtained. */ 

The patent situation, being somewhat restrictive in this field, 

should not be permitted to hold back advances easing simplified 

chemical recovery. Caustification of green liquor is a heavy 

burden on investment and on operational costs. Lime sludge 

separation and lime burning stands in the way of most attempts 

to simplify cheaical recovery operations. 

ORGANOSOLVPULPING 

New recent efforts, partly on pilot plant scale, document 

renewed intP.rest and shed new light on alcohol pulping. Whilst 

alkaline pulping causes condensation and pol}'lllerisation reactions 

of lignin increasing its insolubility, it is stated, that the 

treatment of lignocellulose material with slightly alkaline 

aequous alcohol mixtures at elevated temperature deploymerize 

native lignin and render it soluble. The solid ligninous residue 

*I A number of authors have found the admixture of some sodium carbonate 

useful in soda pulping. It also can be assumed that the non-caustic 

portion of white liquor has some positive function. It has to be seen 

whether pulping can be conducted with only the make up pare being in 

the form of caustic soda. 
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after destillation of alcohol tor reclaiming should lind interesting 

applications. Organosol pulp has oeen proven to have acceptable 

papermaking properties. From the point of view of chemical recycling 

the non-corrosive alcohol process appears to be most attractive. 

MEMBRANE SEPARATION, UTILIZATION OF PULPING BY-PRODUCTS 

The last lew years have witnessed the entry of membrane 

separation, i.~. reverse osmosis and ultrafiltration into many 

different fields of chemical technology. 

In theory, membrane filtration should be economic compared 

to separation by evaporation, because it does n~t require elevated 

temperatures and avoids the loss ol latent heat ol evaporation. 

In practice, technical advances in selectivity and in stability of 

the ultraf iltering membranes have made this technology a promising 

contributor to chemicdl recycling in pulping. It is feasible to 

separate high molecular organics - mainly alkali lignins - lrom 

inorganic salts and organic monomers and oligomers; the latter 

can also be concentrated, separated from pure water available for 

re-use. 

The problem of eventual disposal of the lignin fraction is 

still open. To start with, it will probably have to be dried and 

burned. Similarily to organosolve lignin, it is a potentially 

valuable material - and one of the most abundant in nature. 

Becoming available separated from pulping chemicals, new efforts 

for its intelligent utilization are called for. 

BROWN STOCK WASHING 

The first step in the recovery of pulping chemicals is the 

separation of fibres from spent pulping liquor. For this, adequate 

technology is available in conventional wood pulping. This is not 

the case for straw pulping: the higher poporr.ion of fines, i.e. 

parenchyma cells, in combination with silica clog the screens and 
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slow down drainage so much, that conventional equipment only can be 

used with greatly reduced efficiency. Still, one must assume, that 

the vast experience in filtration, dealing at times with much more 

~efractory materials, once applied to the problem of fibre separation 

in straw pulping, should provide adquate solutions. The aim must be 

displacement of the spent liquor contained in the fibre mat with the 

least dilution in order to reduce the load on chemical recovery. 

DESlLlCATlON 

Grasses and straws take up from the soil 10 to 100 times more 

silica than does pulp wood. Such silica dissolves 111e>re or less 

completely in alkaline pulping and its presence in spent liquor 

interferes by complications in all stages of conventional chemical 

recovery. Witt.out removal it accummulates in closed systems so 

that even wood pulpers need to "bleed out" i.e. reject siliceous 

material. In non-wood pulping the graver situation - at present 

- is met by complete rejection and deposition of siliceous lime 

mud. This, of course, is unsatisfactory, also because it does not 

help with difficulties in earlier recovery stages. 

Earlier unsuccessful attempts at desilication and the low 

priority of non-wood pulping have resulted in acceptance of the 

silica problems. In recent years some hopeful work has commenced 

to tackle this key problem of non-wood pulping chemical recovery. 

A report on the UNIDO project of desilication is included in the 

programme of this seminar. 

COMBUSTION; CAUSTIFICATION 

The relieving feature in burning valuable organic substances 

is that next to the disposal of material that cannot be applied 

usefully, it saves fuel by providing a major part of the process 

ener.gy. Superior materials used in recovery boiler design, permitting 

higher steam pressures will permit higher energy yields in black 

liquor combustion. Investigations to gain insight in the highly 
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complex course of chemical events in the different zones of recovery 

boilers of conventional installation units could also help to assist 

in the construction of simplified combustion units as required by 

pulpers in developing countries. 

The present day recovery ooiler is the costliest and the most 

complicated unit in chemical pulping and requires qualified labour 

not always available. Therefore, simplification, for instance by 

separating the burning and the steam raising units has high priority 

also if some efficiency has to be sacrificed. 

Fluidized bed combustion is well accepted in the paper and 

pulp industry mainly for burnini forest residues like bark. 

Although fluid bed combustion can be ~onducted at lower temperature 

and is easier to control, initia~ optimism as to its application in 

soda spent liquor incineration has been dampened· potassium salts, 

chlorides and other impurities lower the melting temperature; with 

over agglomeration of molten slag a fluid bed cannot be maintained. 

Separation ~· low temperature prevents rapid and complete combustion. 

Fluid bed incineration in the ferrite process nicely avoids 

the problem of adhesion by the speedy reactio .. of molten sodium 

carbonate with iron oxyde under formation of sodium ferrite. 

Development work in a number of countrie~ seems to have succeeded 

to bring this process to the stage of technical applicability. 

A major advantage of the ferrite process is, that it makes a 

special caustification step superfluous. In contact with hot 

water, sodium ferrite hydrolyses under formation of caustic soda 

of higher causticity than obtained in conventional lime caustification. 

It is hoped that the ferrite or DARS process (DARS standing for direct 

alkali recovery system) will become a true and p1acticable alternative 

in chemical recovery also under the special conditions prevailing in 

developing countries; it is hoped that the licensing conditions will 

not seriously impair its wide-spread application. 
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EFFLUENT TREATMENT 

Legal enforcement of effluent treatment standa•ds is expected 

to become reality in most developing countries. in the past a 

certain negligence has acted as restraint for research and development 

work in this field. Appl7ing present-day biotechnological methods, 

should make it possible to find practicable systems of aerobic and 

anaerobic BOD reduction under tropical condi~ions. 
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CRITICAL ANALYSIS OF STRAW PULPING METHODS -

WORLD - WIDE 

by 

Thampoe Jeyasingdm 

Once upon a time straw was an important mG:terial for the paper 

industry in the developed countries of the world such as USA, West 

Germany, Holland, France, Italy, etc. What is now known as Corrugating 

Medium and is now largely produced from the semi-chemical pulp of 

hardwoods was then produced as straw paper from ~traw in USA and West 

Europe. The gre} rigid board of today produced from recycled paper 

was then produced from straw as yellow straw board. Hills in Holland 

u~ed to specialize in this particular type of yellow straw board and 

this was exported to several countries of the world to produce rigid 

book covers and rigid boxes. Will straw then eventually phase out 

due to the encroachment of woody materials and secondary fibre? The 

indications are that straw will continue lo be an important raw 

material for a number of countries world-wide. This, in particular, 

is true in many countries in Asia, .,trica, East Europe and Latin America. 

The main reason that supports the use of straw as a raw material 

is its ready availability as a residue of food crops, namely wheat, 

rice, barley, oats etc. Besides its ready availability, the other 

factors that will continue to make straw an important raw material 

for developing countries are as follows: 

The world is heading towards a shortage of woody material for the 

paper industry. 

Strict environmental laws and protective measures are being adopted 

to prevent the indiscriminate cutting of wood. 

The so-called green revolution has given emphasis to agricultural 

production in most developing countries. 

The incentives being offered for the promotion of agricultural 

based industries such as paper in developing countrie5. 

An increased demand for cultural grades of paper in developing 

countries because of emphasis given to eliminate illiteracy. 

I 

I I 
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An increase in demand for industrial grades of paper in developing 

countries due to the switch over from traditional packaging materials 

made out of wood and leafy materials to paper packaging materials. 

Hard currency is becoming more and more scarce for developing 

countries and there is a need to produce paper using indigenous 

materials, particularly straw. 

On account of the above reasons, the developing countries of 

the world will continue to depend on agricultural residues and the 

most pop~lar choice appears to be straw. Progress in the application 

of straw is being hindered because of the shortcomings related to 

this raw material and ~he inadequacy of today's pulping technology 

to combat these problems. The emphasis in today's pulp and paper 

technology is for the promotion and development of wood based raw 

materials. It is important to realize the pulping technology and 

equipment needed for straw pulp mills cannot simply be a copy of 

wood pulping technology. The chemical composition and the morpho

logical structure of straw require equipment and technology that 

are best suited to this type of material. 

This paper will therefore analyze the problem areas of today's 

pulping technology related to straw pulping. Steps taken to remedy 

these problems would no doubt enhance the greater use of straw for 

the paper industry. 

STORAGE OF STRAW 

Generally speaking what happens inside the pulp mill has a direct 

relationship to the condition of the raw material and this in particular 

has to be greatly emphasized for straw and its storage prior to rro

cessing. 

The moisture content of the straw should be generally kept under 

IS t and the optimum range is somewhere between 10 to 12 t. With 

higher moisture content straw is subject to microbiological degradation 

and decay. Straw thus affected has the following disadvantages: 



Consumes more chemicals; 

Poor yield; 
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Poor physical strength properties; 

Poor brightness. 

Besides the above problems there is a great danger of slow 

combustion developing in the stack creating a potential fire hazard. 

One of the problems in straw pulp mill canagement is obtaining 

good quality straw with an optimum range of moisture for the processing 

of paper pulp. This problem is now more severe than a decade ago 

because farmers are gradually giving up bale production in preference 

for cylindrical rolls which are difficult to store unlike the 

convenient rectangular bales that could be built up into stacks and 

protected with a layer of loose straw to prevent moisture penetrating 

into the stack. Although some efforts have been made to cover sracks 

made up of rolls with polyethylene sheets, this idea has not been well 

accepted. The mills continue to clamour for a supply of straw in 

bales and the farmers prefer to get away from bales to rolls. The 

most economical way of ha1adling storage and supply of straw from the 

fields to the mill is therefore still open for further improvements. 

STRAW PREPAPATION 

l) Dry Preparation Method 

This is the most connon method adopt,.d for the preparation of 

straw prior to digestion. Disc or rotary drum type of cutters are 

used to reduce the length of the straw. The cut straw is then 

conveyed pneumatically to screens and cyclones to separate grain, 

sand and dust present along with the straw. 

Advantages of the System 

It is a simple system that requires less energy to operate and 

requires relatively low capital cost. 
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Disadvantages ol the System 

It could only work satisfactorily if the moisture content of the 

straw is less than 15 4. The pneumatic conveying system gets ch~ked 

up with straw and the dust screens get plugged up when operating with 

moist straw. In consequence the dry preparation systeas do not work 

satisfactorily in arPas where there is much rainfall or snow unless 

the straw i~ stored under cover and transported into the aill in dry 

conditions. Mills do not like the idea of providing storage sheds 

to overcome these difficulties on account of the l.igh cost of providing 

buildings. Here is an area open for furth~r develo.,.ent as to how 

straw could be efficiently collected, handled and stored up prior to 

processing. Some newsprint mills in USA that are working on deinked 

waste paper have developed simple, low c~st storage sheds that cost 

about SO 4 of the cost of conv~ntional buildings. These buildings 

are dome shaped and are constructed out of light steel and covered 

with vinyl. This could be a possibility for straw pulp •ills. Another 

alternative thaL could be applied is to use the hot flue gases of 

boilers to dry the straw to suitaole moisture content prior to processing. 

The techno economics of applying these possibilities have to be worked 

out. 

2) Wet Preparation Method 

The wet preparation system essentially is based on the use of 

a hydra pulper. The hydro pulper that is used for this purpose is 

fitted with an extraction plate and a rotor that are specially 

designed. On account of the mechanical forces created inside 

the pulper the sand, grit and leafy materials are separated and 

eventually escape out of the pulper through a valve. The s:raw 

thus cleaned contains much lower percentage of leafy Pl8terial which 

does not contribute much anyway to the fibre content of the straw 

pulp. About 2S i of the total weight of rice straw and about 10 % 

of the weight of wheat straw is lost through this method. 



Advantages of this System 

This system is suitable for the processing of straw with 

moisture content higher than 15 % which cannot be sati~factorily 

handled by the Dry Process. It is more suitable for rice straw 

which has a high amount of loose sand, grit and leafy malt·rials. 

The rubbing action provided in the pulper helps to remove o fair 

am~unt of silica prior to further processing. It is est im.,ted 

that about 20 to 25 % of the silica is removed by this cleaning 

method. 

Disadv~ntages of this System 

lt requires a relatively highec capital investment and re

quires more energy for processing compared with the dry system. 

J' Caustic Pre-treatment Preparation Method 

This is a new system being developed as part of the NACO 

Process. Here again the essential part of this pre-treatment 

is a specially designed hydra pulper with junk trap. Bales 

~f straw are delivered into the pulper where it undergoes cutting 

and slicing in the pulper. Following the hydra pulper is a DKP 

disc press for dewatering the straw and a system for cleaning the 

waste water to be recycled back to the pulper. This 

pre-treatment is conduc~ed in the pulper and about 1\ to 2 % 

caustic soda is used. A substantial po~tion of unwanted materials 

is removed and the silica content of straw gets reduced by about 40 %. 

Advantages of the System 

lt is possible to feed straw to the system with high moisture 

content. There is a reduction in the silica content ot the straw 

prior to the processing into pulp on account of caustic treatment. 

It is reported that the silica content of wheat straw is reduced 

from 7.5% to 3 1.. 
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Disadvantages of the System 

Compared to the Dry System of cleaning there is additional 

capital cost for the pre-treatment equipment. A higher energy 

cost is also involved because of the electric energy needed for 

the pulper drive and heat energy needed for the cooking of 3~raw 

with higher moisture content. 

CONVEYING OF STRAW 

~ost pulp mill designers provide mechanical screw conveyors 

for the straw after it has been reduced in length by the straw 

cutter. Several mechanical problems are experienced in the straw 

pulp mill on account of mechanical screws being applied for such 

a task. Straw, unlike wood chips has a tendency to rope. This 

results in frequent mechanical breakdowns and interruptions to 

production. 

Experience indicates mechanical screws if applied for such 

a purpose could be used only for short distances of 2 to 2\ metres 

without intermediate supports. When the distances to be conveyed 

are higher, the preferred choice would be the use of rubber con

veyor belts in place of screw conveyers. 

WEIGHING OF STRAW 

Several mills have adopted the system of weighing straw using 

the principle normally employed for wood chips by using a belt 

weightometer. Experience in working with this measuring instrument 

indicates inaccuracies in relation to the input of straw to the 

digester. Due to these inaccuracies the measurement of straw using 

such type of weightometers is ignored and the digester feeding is then 

controlled mostly by relying on operaror judgement or on an approximation 

of weight by counting the bales fed into the digester. 

New ideas and new development using more accurate type.of 

weightometers are needed for straw pulping. 
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MOISTURE OF STRAW 

In most mills, the measurement of the moisture content of 

straw is based on randem sampling by the oven drying method which 

is slow, laborious and not quite representativ~. 

New accurate and fast on line measuring devices are needed for 

a better control on the pulping of straw. Very few mills have adopted 

such a new system to control pulping conditions. 

PULPING SYSTEM: (Batch and Continuous.) 

Batch System of Pulping 

The high bulk of straw accounts for a special deslgn for the 

cooking •.;,_..;se 1. To obtain uniformity of cooking, spherical digesters 

or tumbling digesters are used. The solid: liquid ratio for cnoking 

has to be maintained high in order to obtain uniformity in cooking. 

Normally cooking is done by direct steam. Pressure is built in t~ese 
2 

digesters generally around 5 - 7 kg/cm • On accoun~ of the bulky 

nature of the material the digesl~rs take considerable time for 

packing. To improve packing as well ~s to help uniform cooking some 

f~rm of pre-impregnation is done prior to the raw material being 

admitted into the digester. Packing densities of 150 - 190 kg;m3 

OD stra~ are obtained, compared with 180-270 kg/m3 for wood ~hips. 
The total cooking cycle in batch digesters could vary between 

6 - 8 hours. 

Some of the well-known pulping systems that apply to the 

batch process are: The Lime process, Soda process, Neutral Sulphite 

process and Kraft process. 

l) The Lime Process (By Batch System) 

This process is one of the oldest processes for the production 

of corrugating medium, and yellow straw board from straw. Cooking 

with lime is still practiceJ by some mills as this has no adverse 

etfects to the environment ~s in the case of caustic soda cooking. 

Thr efflurnr in somr mills i~ used for irriR~tinn nf fond rrnps. 

f -
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Cooking is done using either spherical rotary digesters or tumbling 

digester. 

Ty~ical Cooking Conditions: 

Chemical 

Temperature 

Time 

Solid to Liquid 

Ratio 

Advdntages 

lime 7 to 10 4 as CaO 

130° to l40~C 

3 to S Hours 

1:2 

Simple proce3s to produce corrugating medium; 

Cooking with lime has no adverse effects to the environment 

as in the case of caustic soda and neutral sulphite cooking. 

Disadvantages 

ln some mills the pulp due to improper washing causes problems 

on wires and wet felts. The felts and wires get easily blinded 

unless proper snowers are used on both wires and felts. 

2) Soda Cooking (By Batch System) 

Soda cookin~ for straw by batch process is widely applied all 

over the world. Both spherical rotary digesters as well as rumbling 

digesters are used. The amount of caustic soda need~d for producing 

bleachable grade of paper ranges from 10 to 25 % on the dry weight of 

straw. Th~ temperature of cooking could be varied depending on the 

time allowed for cooking, as for example a low temperature of 14o
0

c 

will require a longer time and a high temperature of 170°C will require 

a shorter time for cooking. 
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Typical Cooking Condilions: 

Chemical 

Temperature 

Solid to Liquid 

Ratio 

Time 

Yield (Bleached 

Grades) 

Advantages 
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NaOH 10 to 12~ on OD Wt 

150° to 170°C 

1:2 to 3 

2\ to 4 Hours 

35 to 40 ~ on OD Straw 

Chemical recovery and heat recovery is possible with certain 

limitations due to silica. 

- A well established process tor producing bleached grades of 

pulp using batch digesters. 

Disadvantages 

A good effluent disposal system is needed if chemical recovery 

is not practiced. 

3) Kraft Process (By Batch System) 

For the cooking of straw, Kraft process or Sulphate process is 

not so popul~r as in the case of Soda. This is because the increase of strength 

properties obtained by Sulphate process is marginal compared with the 

Soda process. In most parts of the world Salt Cake is an expensive 

chemical compared to Caustic Soda and it also adds to the air pollution 

due to sulphur compound emissions. However, there is a mill in 

Calarasi (Romania) producing about 50 000 TPY of bleached straw pulp 

by the Kraft process. 
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Typical Cooking Conditions: 

Chemical 

Temperature 

Solid to Liquid 

Ratio 

Time 
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NaOtl -

NA2S -

150 to 

10 to 121.J 

2 to 2 '7. ~ 
I70°C 

1:2 to 3 

2\ to 4 Hours 

on OD 
straw 

Yield 35 to 40 l. on OD Straw 

Advantages 

Chemical recovery and heat recovery is possible with certain 

limitations due to silica. 

Disadvantages 

A good efficient disposal system is needed i( chemical recovery 

is not practiced. 

- Additional capital investment is needed on account of the use 

of Sodium Sulphide and the problems related to air e~issions 

containing sulphur compounds. 

4) Neutral or Mono-Sulphite Process (By Batch System) 

The acid sulphite process is not suitable for cooking straw. 

There is loss of strength as well as yield when the acid sulphite 

process is used as compared with the soda, kraft or neutral sulphite 

processes. 

The sodium sulphite used for cooking straw is normally buffered 

using either caustic soda or sodium carbonate to obtain a neutral pH. 

However, some of the mills prefer a slightly al~aline pH of 8 to 9. 

This process of cooking gives a milder reaction to the straw compared 

with the soda process and the resulting pulp therefore contains more 

ash than in the soda process. 
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Typical Cooking Conditions: 

- 8-12 X on OD straw 

- NaOH or NA2co3 - 2-4 ~ on OD straw 

Temperature - 160 - 110°c 

Solid: liquid Ratio - 1:3 to 4 

Yield (For Bleached Grade) - 35 - 40 X on OD straw 

CONTINUOUS SYSTEM OF PULPING 

Some of the continuous type of systems applied for straw 

pulping are •s follows: 

- Pandia 

- Kamyr 

- Celdecor-Pomilio 

- Mechano-Chemical Process 

- Escher-Wyss HCP Digester 

- HF 

- SAICA Digester 

- NALCO 

1) Pandia Digestion System 

The Pandia type of continuous digester bascially consists of 

the following: 

A screw feeder which also functions as an impregnation unit. 

- A pair of horizontal cooking tubes fitted with screw 

conveyors and joined together by inter-connecting tubes. 

- A rotary discharger for pulp. 

II I 



System of 0peration 

The raw material is conveyed to a pre-impregnator when a digester 

is installed with one, otherwise it goes directly to the screw feed~r. 

The feeding to the digester is reulated by a metering device. A 

certain percentage of the coo~ing liquor is added to the fibrous 

material in the pre-impregnator to soften the raw material. The raw 

material is then compressed through the screw feeder. The principle 

of the screw feeder is to densify the material by compression so that 

a plug could be formed. This plug is expected to form a seal and 

prevent the escape of steam as well as blow backs. The COalpressed 

material gets decompressed when it leaves the screw feeder and enters 

the vertical chamber (or reaction tube) that connects the screw feeder 

to the firs~ digester tube. The decompression of this material is 

made easier when it gets in contact with the steam and cooking liquor 

in the 1·eaction chamber. The continued cooking of the material in 

the digester tubes is facilitated by the intimate mixing of the 

chemicals and the heat produced by the steam. For a satisfactory 

operation a solid to liquid ratio of 1:3 is generally maintained. 

The cooking time in the digester could be regulated by changing the 

speed of the conveyor screws that carry the material through the 

digester tubes. 

Design Variables 

The digester could be designed for an output as low as 15 TPD 

to a maximum output of 200 TPD. This would depend on the following: 

- Diameter of the tubes 

- Number of tubes 

- Speed of conveyor drives 

~ypical Cooking Conditions for Straw 

Wheat Straw Rice Straw 

P~'ping Process - Soda Soda 

Chemical as Na20 1. - 10 10 

Dwell time (minutes) 8 5.S 

Pressur~ (PSI) - 80 100 

Yirld % - so 39 
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Advantages 

- Economy in steam usage. 

Disadvantages 

- Problem of blow back. 

- ileavy maintenance on screw fe~der due to the abrasive nature 

of straw due to silica. 

- Uniform feeding is critical to the digester. 

2) Kamyr Digestion System 

This is a well-known and well-applied system for wood but is not 

so well applied for non-wuody materials. For wood pulping the cooking 

liquor is pre-heated using pre-heaters and is pumped into the digester 

by a forced circul3tion system. In the case of non-woody materials 

direct steam is used. The writer is aware and familiar with one 

single application of the Kamyr system for straw and this is in the 

AFYON Hill~ in Turkey. 

The straw is introduced through a rotary valve to the pre-impregnator 

where it is thoroughly mixed with hot cooking liquor and with the flash 

steam from the blow t2nk.- From the pre-impregnator the material is 

then discharged through a low pressure (LP) rotary feeder to a low 

pressure inter-connecting tube prior to admission to the high pressure 

(HP) rotary valve. The pressure inside this connecting tube is generally 

around l 5 - 35 psi. The material then passes through the HP rotary 

feeder which has three openings. The feeding of the material, the discharge 

of the material and the steam admission takes place through these 3 

openings depending on the position of the openings based on the rotary 

movement of the valve. When the valve is aligned in the vertical position 

the pocket of the valve gets positioned with the other two openings, 

namely the oprnings to the asthma valve and to the digester. When this 

happens, steam gets released from the asthma valve and forces the 

straw from the pocket of the rotor valve into the digester. It is 

estimated that 80 '1 of the steam requir1id is admitted to the digester 

by the asthma valve. The pulp gets discharged from the digester 

through an adjustable orifice to the blow receiver. 
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Advantages 

- Efficient utilization of flash steam. 

- Effective control on cooking time that could be varied from 

a few minutes to up to 3 or more hours. 

- Two stage arrangement with low pressure cooking and high 

pressure cooking which is helpful to delignify with •inilltUlll 

damage to fibre. 

- The design arrangement of LP and HP feed valves that prevent blow 

back problems. 

Disadvantages 

- Heavy maintenance problems on the LP and HP feeder valves 

due to the abrasive nature of the straw. 

3) CELDECOR - Pomilio Process 

The chief chemicals used in this pulping process are Caustic 

Soda and Chlorine. This process is advantageous to countries that 

do not have a well established chemical industry. 

The Caustic Soda and Chlorine required for pulping are produced 

and consumed in proportions to the output of the electrolytic cell. 

What the mill requires therefore is co11111on salt (NaCl) as the starting 

chemical. 

The pulping is conducted in three operations, namely: 

- Hild digestion with Caustic Soda up to 115 to 13o0 c in 

an open digestion tower. 

- Chlorination in the gas phase. This is conducted in a down 

flow chlorination tower. Chlorine is admitted as gas through 

orifices in the towe& walls and through a central pipe so that 

the penetration is uniform 

- Alkalization is conducted at room temperature. 
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Typical Chemical Consumption for Producing 

Bleached Wheat Straw Pulp 

Yield 48 t 

Consumption to produce 1 ton AD pulp 

NaOH for digestion 17.4 t 

NaOH for Alkaline Wash 3.1 t 

Total NaOH 20.5 ~ 

Chlorine as gas for 
direct use 

Chlorine for Hypo 

Total c1 2 
Power Requirement 

Pulp Mill 

(Straw Preparation 
and Pulping) 

Steam for cooking 
and bleaching 

Adv.mt ages 

14.5 t 

o. 7 t 

15.2 t 

425 KWH 

2.2 Tons 

- Ust•ful for some developing countries where transport of 

Caustic Soda and Chlorine is difficult and expensive. 

Disadvantages 

- It is an obsolete system with problems related to 

corrosion, but there are some mills in Vietnam and Italy 

still operating with this system. However, no new mills 

have been built within the last two decades applying 

this process. 



4) Mechano-Chemical Process 

This process is based on the devt>l.>pment at the Northern 

Regional Research Laboratory, Peoria, Illinois, as a result of 

work done by LATHROP and ARONOVSKY. The process is not widely 

in use and as far as the writer is aware there ~ere a few mills 

employing this process in Holland tr produce corrugating medium 

from straw but these mills are not functioning at present. 

The essential equipment for this process is a hydrapulper. 

The pulping of st~aw is conducted at atmospheric pressure and at 

a temperature of 95 - l00°C. The chemicals used for cooking are 

e~ther caustic soda or a mixture of caustic soda and sodium sulphite. 

Straw from the cutter is fed to the pulper by means of a conveyor 

belt. Fresh cooking liquor is mixed with the spent liquor and then 

added to the pulper to obtain a solid : liquid ratio of 1:15 - 1:12 

range. The required temperature uf 95 - l00°C is obtained by using 

direct steam co the pulper. The mechanical action provided by the 

pulper helps delignification by opening up the straw and exposing 

an increased surface area for reaction with the chemicals. 

The degree of pulping depends on the following: 

- Percentage of chemicals used 

- Consistency 

- Temperature 

- Amount of mechanical action inside the pulper 

Typical Cooking Conditions 

Chemical 

Temperature 

Consistency 

Time 

Yield 

NaOH 5-6 7. on OD. Wt 

95 - 98 7. 

10 7. 

45 - 60 Minutes 

70 to 78 7. 



Advant agt.'S 

Simplicity o( operation; 

- Low capital investment. 

Disadvantages 
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High chemical consumption; 

High powel- consumption; 

- High steam requirement. 

According to the writer the pulp produced is only suitable for 

unbleached grades such as corrugating medium (It is claimed bleached 

grades could be produced.) 

5) Escher-Wyss (Frdnce) and HCP Process 

This is a continuous type o( cooking process applied to straw. 

There are nnly three mills using this process, one in each of these 

countries - France. Spain and Yugoslavia. The cooking system pro

duces an unbleached grade of pulp mainly for the manulacturc of 

unbleached grades such as corrugating medium. Thl' chl•micals used 

for cooking could be either caustic soda alone or a combination ol 

caustic soda and lime or lime alone. 

The digf ;ter used for cooking is designed to work at atmospheric 

pressure and is essentially made up of four tubes and an extractor as 

outlined below: 

- An imprcgnator tube 

- A pre-cooking tube 

- A cooking tube 

- A disintegrator tube 

- An extractor 
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Cut straw entering the impregnator tube is sprayed at the mouth 

of the tube with both white liquor and spent liquor. In the impregnator 

tube the straw is mixed with the chemicals by the movement of the screw. 

The temperature in this tube is generally in the range of 80 - 85°C and 

the consistency is between 20 - 25 t. From the impregnator tube the 

straw is discharged into the pre-cooking tube where the temperature is 

raised to 100 °c. From here the straw is discharged into the cooking 

tube where the temperature is still maintained 2t l00°C but there is 

more intense mechanical action provided by using two screws rotating 

in opposite directions. (All the other three tubes have only a single 

screw used principally for conveying. The final phase of the mechanical 

and chemical action is completed in the fourth tube - the disintegrator 

tube. The temperature in the disintegrator tube is in the range of 

90 - 95°c. From this tube the straw is discharged into the extractor 

which extracts the spent liquor thereby increasing the consistency 

from about 25 to 35 %. 

Typical Cooking Conditions 

Chemicals 

Consistency 

Temperatur·e 

Pressure 

Cooking Time 

Yield {for unbleached 
grades) 

Advantages 

NaOH or lime 01 combination of 
NaOH and lime 

NaOH alone 6 - 7 t on OD straw 
as claimed by supplier but mills 
experience 8 t NaOH 

20 - 25 % 

95 - 98°C 

Atmospheric 

2 to 2\ hours 

70 % (designed value claimed by 
supplier) 

55 % (mills actual performance) 

This process is claimed to use less chemicals and less steam as 

compared to pressure cooking. 
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Disadvantages 

- frequent mechanical problems relat~d to the conveyor screws 

of the digester tubes. 

- To prevent plugging inside the digester tubes more chemicals 

have to be used compared to prP.ssure cooking. 

- On account of increased chemical usage the yield drops f r~m 

70 4 (which is common to semi-chemical pulping) to about 53 ~. 
~ - Due to the low temperature of 95 - 98 C the chemical penetration 

is poor and this results in heavy screen rejects. 

6) H.F. Process (Hojbygaard Fabrik) 

This process was developed in Denmark for the production of 

semi-chemical pulp from straw to produce corrugating me~ium. This 

method essentially uses a DIFFUSER where the pulping takes place. 

The diffuser works on the counter current principle so that the 

residual chemicals and heat could be efficiently utilized. The 

diffuser is !!lade up of 3 zones. The first pass is the impregnation 

zone where the straw is admitted and residual chemical and heat is 

used up. Then the straw ascends up by the screw conveyor to the 

second zone for digestion at a temperature of 95 yo 98°c. The 

final zone is the washing zone where the lignin and pentosans are 

washed away and the heat is transferred to the washing water. The 

digestion time is 4 hours. 

Typical Cooking Conditions 

Chemical 

Temperature 

Time 

Yield 

Stock Consistency at 
Discharge end 

- NaOH 6 to 7 ~ 

- 95 to 98°C 

- 4 hours 

- 75 to 78 \ 

- 12 to 18 \ 

r 



Advanr .1gt•s 

A simple type of ool'rat inn working on atmospheric pressurf'. 

- ~tl'am rl'quirl'llK'nt is l'st imalt•d to b<' low. 

- W.u,•r requirl'~nt is estimated to bl' low. 

Di sadvant agl's 

Thl' proct•ss is suitabll' only to produce corrugating medium. 

Requires relatively high delibering l'nergy since the cooked 

straw fibres are still joined together to form the straw 

seem. This woul~ mean high input o( energy is needed in the 

pulper and refi.~rs (or defibration· 

Requires waste pdper usage as an essential integral part for 

opera~ion on the paper machine. 

7) The SAlCA Process 

(Soc;('ct:iJ Anonima De Industrias Celulosicas Aragonesas) 

Tht• proet•ssin ,i straw by this system is nearly similar to HF 

pron• s s. Thl' SA 1 C" 1 is locoteo in Zaragoza in Spain and is using 

rhis process ro produce semi-chemical pulp that is blPnded with 

corrugatt>d 1 ontainer waste co produce corrugating medium. 

The· co:lking of straw takl's plan• in <1 continuous digester of 

spt•cial dl•sign dl'velopt•d by SAICA. Th" digc>!Her is of cylindrical 
0 

shapl' and is inclinc>d at an anglc• of '> co th<' horizontal. Straw 

is convl'yc•d 1 hrough the• dig<'stc•r at a const,10t rat<' by means of two 

par..il l('l screws r,>tal ing at low SJ>l'<'d in opposirt• directions. Thc· 

digt•src•r, .. ->in ch<' <·ast• of tlw llf proll'SS, pt-rforms thrt>f' basic: 

I unr r i 1111'-•: 

Pr1•-- i mprr!'.'tJI inn 

- Conking 

- Cnurir 1· r <·urn•nr w.1sh i ng 
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rn·-impret,nal ion is dom• .1t ch .. • di~~·stt•r t'lll ry and al the lowrst 

position of the digester. Tht.• str.1,,. rh.H is hammt.•r milled is led to 

the imprt.•gnatinn zom.· when• it is mixt>d with .:1 rq~ulated quantity •Jf 

spent cooking liquor. 

In the cooking zone the straw get~ cooked at atmospheric pressure 

and the heating is indirect through a steam jackrt. Cooking is done 

with caustic soda admitted at mid point to the digester a~d •ixed with 

a controlled a..,unt of black liquor. 

In thE washing zone the pulp washing is done using white water 

from teh paper .achine consuming about 8 m
3 

of water per ton of pulp. 

Thl· spent liquo1 is collected from the digester and is pU111ped back 

to the feed chute for pre-impregnation. The excess spent liquor is 

pumped out for disposal. The pulp discharged from the digester is 

fed into a s~rev press and raised to a consistency of 37.5 ~- The 

extracted li~uor is then return~d to the diges:er. 

Typical Cooking Conditions 

Chemicals 

Consistency 

Temperatul"e 

Pressure 

Yield 

.Advantages 

NaOH - 5 % on OD straw 

20 - 25 '· 
%oC 

Atmospheric 

71% 

It is a simple proces~ing system to produce semi-chemical pulp. 

Disac! .. rntages 

Due to the low temp~rature in the digester the penetration of 

the chemical used is poor. Therefore more mechanical action is 

needed to defiber the pulp. This increased mechanical action decreases 

the sr:rength properties and makes it necessary to use more waste paper 

co produce corrugating medium. The paper machines' runnability as well 

as the desired physical properties of the corrugating medium are wel~ 

developed using only a maximum of 25 en 30 % semi-chemical pulp for this 
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process. The •ill uses about 70 to 75 4 of corrugated container 

waste with the straw pulp. 

8) NACO Process 

This is a new process for the continuous pulping of straw. The 

pulping systeftl is based on an Italian patent using caustic sod~ and 

oxygen for delignification followed by ozone bleaching. 

A 100 TFD plant for chemical pulp production is now under con

struction for com111ercial production in Foggia, Italy, COlllplete with 

a chemical recovery system. This mill is expected to be in full 

operation by about the end of 1985. 

The NACO process is considered to be the technological solution 

to some of the m:ijor problems caused by cooking and bleaching chemicals. 

This is because the MACO process does not use chemicals such as sulphur 

and chlorine in the process. 

The NACO process as applied to the first commercial plant is 

essentially made up of the following section~: 

- Pre-treatment Section 

- Delignilication Section 

- Bleaching S~ction 

Pre-treatment for straw is conducted in a pulper where it is 

treated with l! to 2~ NaOH. After treatment in the pulper the 

straw gets dewatered in d SUNDS DKP press prior to delignification. 

De lignif ication 

The delignitication section is made up of a pressurized single 

disc refiner, a turbo pul~er, an oxygen mixer and a combined up flow

down flow oxygen reactor. 

The turbo-pulper performs an important function in the process. 
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Oue to tlae spherical shape of the pulper, a very intensive mechanical 

action takes place in the pulper. The mechanical action provided 

inside the pulper results in fibre separation and increases the surface 

of the raw mate~ial. At the same time the oxygen that is admitted into 

the turbo-pulper gets well mixed with the alkali-fibre suspension. The 

turbo-pulper is operated at a pressure of 6 to 8 kg/cm
3

• 

The pulp is continuously pumped out from the turbo-pulper to the 

oxygen reactor. The oxygen reactor that follows the turbo pulper is 

provided with an up-flow - down-flow arrangement. Excess of oxygen is 

brought from the top of the reactor to toe turb~ pulper. After the pulp 

passes through th~ oxygen reactor it is washed on a displacement wash 

Bleaching 

At the time of the writer's visit to this plant a possible bleaching 

process to be integrated to the delignification sec~ion was under con

sideration. Trials with a two stage system using 2 % hydrogen peroxide 

(100 % H
2
o

2 
ba~is) and 3 % hypochlorite (Active c1

2 
basis) resulted in 

a brightness of higher than 80. The possibility of bleaching with ozone 

as an alternative was also under consideration. 

Chemical Recovery System 

The chemical and heat recovery system for the NACO process was 

being supplied by Lurgi. The spent liquor after evaporation en multiple 

effect evaporators will be subjected to combustion in a Lurgi designed 

recovery boiler. The smelt is then dissolved to produce a sodium 

carbonate solution which is directly used in the turbo pulper without 

causticizing. 

Typical Processing Conditions 

Chemicals 

Temperature 

N&OH l\ % OD straw for pre-treatment 

NaOH 6 % OD straw for delignification 
0 

130 C in Turbo Pulper 
0 75 C temperature of pulp discharged 

from oxygen reactor 
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C•)nsistency 

Yield 

~dvantages 
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Turbo pulper 10 ~. 

Oxygen reactor, 7 % 

60 7. on pre-treated straw 

(i.e. 20 7. loss during pre-
treatment.) 

- There is reQuced pollution because chlorine and sulphur are 

not used in the pulping and bleaching processes. 

- Less capital investment is required for the chemical recovery 

system. 

- It is economically feasible to operate small sized plants 

using this process. (Hills that require a conventional recovery 

system have to operate their pulp mills at a minimum capacity 

of 200 TPD to be economically feasible). 

Sodium carbonate is directly used for processing thus avoiding 

the use of a recausticizing plant. 

Disadvantages 

- The heat recovery from the black liquor is poor. 

- In the case of countries where oxygen cannot be obtained, 

additional capital is required to produce oxygen for pulping 

at the mill site. 

BATCH VERSUS CONTINUOUS PULPING METHODS 

In the preceding pages che various well-known and commercially 

applied cooking process systems have been discussed. At this point 

it m.1y be worthwhile to examine the advantages ana disadvantages of 

both the batch and continuous cooking systems. 

Batch Systems: Advantages 

They dre simple and easy to operate and maintdin; 

High fl~xibility to all cooking condirinns based on 

raw material conditions; 

fl••xihility to o._,erate mill at reducc•d capacity wir.hout 

shutting down the entire mill due ro maintenance problems; 

l'niformiry .if ff•Pdin~ nor crlrical. 
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Batch Systems: Disadvantages 

Require more operating personnel; 

Require relatively more steam and electric energy. 

Continuous Systems: Advantages 

Require r~latively less steam and energy; 

Require fewer oparating personnel; 

Claimed to produce more uniform pulp. 

Continuous Systems: Disadvantages 

Less flexibl~ to operate and maintain; 

The whole pulp mill is likely to be shut down for 

maintenance problems and breakdowns; 

Uniform feeding is critical; 

High maintenance upkeep standards are required; 

The availability of spare parts is crucial. 

OTHER MINOR PROCESS SYSTEMS 

There are various pulping process systems which are patented 

anri are ei~her in the process of development or r~ady tor commercial 

application but not yet well applied commercially. 

I) Nitrocell Process 

This process depends on the use of Nitric Acid ~~ the cooking 

cher.1ica I. 

Advantages 

- Claimed to have low effluent discharg~ with useful by-products. 

Disadvantages 

- Special enginet"ring required to work with nitric acid. 
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2) Anmonia Process (Thillaimultu Piltent) 

This process depends on the use of Annonium Hydroxide as the 

cooki~~ chemical. 

Advantages 

- Ammonia has the advantage of simple recovery by steam 

stripping. 
This process is also environmentally accepted. 

Disadvantages 

- Requires further study to determine its conmercial viability; 

- The ammonia process could have problems due to poor bleaching 

and poor strength properties. 

Conments 

- Besides the Thillaimuttu process, there are other ammonia 

process systems being claime~ on the basis of lab work and 

pilot scale trials which are not yet connercially applied. 

3) Hopes Process 

This process for cooking straw is based on the use of sodium 

hydroxide plus oxygen delignification applied in two stages. 

Advantages 

The use of oxygen has advantages as it is not polluting to the 

environment. 

Disadvantages 

Requires further study for making the process commercially viable. 

Oxygen in combination with other alkalies has been investigat~d and 

the first commercially designed plant is the NACO proces& described 

earlier. 
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4) Soda-Chlorite Process 

This process depends on the use of sodium hydroxide plus sodium 

colorite in separat~ stages. 

Disadvantages 

The use of chlorine compounds could make chemical recovery difficult. 

5) Soda-AQ Pulping 

The cooking of straw using caustic soda and AQ is not yet well 

established. However, there is one positive report from a mill in 

the People's Republic of China. According to this report the use of 

AQ has the following advantage: 

Faster delignification accompanied by lower alkali consumption 

and higher pulp yields. 
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PRINTING AND WRITING PAPERS BASED ON CHEMl-HECHANICAL 

PULPING - AN ECONOMICALLY VIABLE PROPOSITION 

by 

8. Kyrklund 
1/ 

1 NTRODUCTI ON 

One of the major constraints for establishment of pulp and 

paper mil is in developing countries is the small size of the potential 

market in most of these countries. An economically viable integrated 

pulp and paper mill in an industrialized country needs to hdve a 

production of JOO - 150,000 tons per year, but production from such a 

mill would be at least ten times too large for most developing countries. 

Efforts have been made on several occasions to scale down the 

minimum viable size of a pulp and paper mill to be more in balance 

with domestic market demand. As a general rule, it can be said that 

chemical pulp production from wood integrated with papermaking can, 

under certain conditions, be vi~ble at a capacity of about 35,000 

tons pt•r year. Efforts to further reduce the minimum capacity of 

chis type of mill have not in general been successful, except where 

very special conditions exist combined with incentives. The reason 

for this has usually been the marked economies of scale of chemical 

pulp production. A great part of the investment in such a mi)) also 

refers to investments in a recovery boiler plan~, a steam plant, 

power supply, effluent treatmenl, rte. 

A chrmi-mechanical pulp mill has the advantage over a chemical 

pulp mill inasmuch as the economies of scale are not quite as marked. 

In ad~iti~n, the investment in rhe actual fibre line a chemi-mechanical 

pulp mill is about 5\1 percent of rhe total irwesrment requirement, 

compan·d to about 25 percent in a ch£>mical pulp mi 11. The reduct ion 

of invrsfmf'nt requirement and, accordingly, in the mlnimUlll viable siu· 

of a mill would, thC'reforr, sN·m morf' easily achif'ved with that ryp1• 

,.f pron•ss rhan wh<'n ch(•mical pulping is l'mploy<'d, concentrating on 

f'f torr s to simplify th<• d£>si~n of rh1· f ihr(' I in<'. 
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A study was, therefore, undertaken by FAO in 1982 into the 

possibilities of establishment of viable small pulp and paper mills 

bas~d on chemi-mechanical pulping. In the following, a review will 

be presented of a mill p~oducing 15,000 tons~/ per year of wood

containing printing and writing paper. 

The Pulp and Paper Hill Studied 

Figure 1 presents a block flow-sheer of the integrated pulp 

and paper mill which was taken to be studit•d. Fol l,~wing chipping, 

screening and chip washing, the chips would be impregnated with 

caustic and peroxide solutions which form the pulping agents. 

After the pre-treatment with chemicals, the chips would be refined 

in two stages with peroxide bleaching employed in the second-stage 

refiner. The resulting pulp would be agitated in a chest for latency 

removal and, thereafter, thickened for high-density ~torage. No 

screening or cleaning would be employed in the pulp mill. These 

operations w~uld be carried out in conjunction with the stock 

pr~paration for the paper machine which would be of simple, slow

sp~ed design. The mill would include a finishing department with 

facilities for cutting all of che production into sheets. As 

regards the ancillary departments, the steam supply would be 

based on wood-fired low-pressure boiler and the power would be 

supplied from the national grid. 

In the design of the mill for costing purposes, it was assumed 

chat the wood raw material - hardwood- would be delivered debarked 

to the mill. The layout of the pulp mill is such that gravity flow 

is used to the extent possible in order to benefit from the considerable 

cost reduction froa elimination of high-density stock transport systems. 

This was done to the extent that gravity flow was used from the impregnation 

stage in the pulp plant to the latency chest. further details of the 

mill design are provided in the original report on the study. 

Capital cost estimates for the mill were prepared on the basis of 

information obtained from equipment sup?liers on major items of equipment 

and from cost data available in FAO files. All costs reflect the level of mid 82. 

21 Metric tons are used throughout this paper. 
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Capital Cost Esti1N1tes 

For the economic evaluation of the mill the estimates were 

prepared to reflect two cases: 

1) A pulp mill producing 13,000 tons peryear of chemi-mechanical 

pulp established in conjunction with an already existing paper 

mill producing 15,000 tons per year of printing and writing 

paper. In this case, cost estimates both as regards capital 

costs and manufacturing costs reflect the additional c~st ovPr 

and above those of an already existing mill with its service 

departments; 

2) A greenfield, fully integrated printing and writing paper 

mill producing 15,000 tons per year of paper from 100 perc~nt 

chemi-mechanical pulp frcm hardwoods. 

A sunnary of the plant capital estimates for the two cases is 

shown in Table l. Thus the total plant capital for the pulp mill 

along would be US$ 8.3 milli0n whereas a new, integrated pulp and 

paper mill would require a plant capital of US$ 32.3 million. The 

total investment, as shown in Table 2, would ther. amount to US$ 9.0 

million fo~ the pul~ mill and US$ 38.0 million for the integrated 

mill. 
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Item 

Structures 

Equipment 

- material 

- installation 

T~tal direct cost 

Engineering 

Construction overhead 

Contingencies 

Total Plant Capital 

Item 

Plant capital 

Working capital 

Pre-<'perat ional and 
start-up expenses 
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Table l 

Plant Capital Estimate 

US$ Million 

Pulp Mill lntegratrd Mill 

l .4 4.4 

4.0 17.4 

1.2 4.0 

6.6 25.0 

0.6 2.2 

0.3 l. 3 

0.8 3.0 

8.3 32.3 

Table 2 

Total Investment Estimate 

US $ Million 

Pulp Mill _!!l!_egrated Mi I l 

8.3 J2.3 

0.6 l. 4 

o. 2 0.5 

Interest during construction 1.1 3.8 

Total investment 9.0 38.0 
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Manufacturing Cost Estimate 

The manuf.tcturing cost estimates and tht· mi 11 design concept 

Wt'rt' bas~d (lll alkali-peroxide pulping of hardwoods. Thus the yield 

of pulp on pulping would be 8'.i percent with a specific ref '.ning power 

consumption of 900 kWh per bone-dry ton. The target brightness of 

the pulp alter bleaching in the second-stage refiner would be 70. 

The most important unit coses for inputs are given in Table 3. 

Table 3 

Most Important Unit Costs Used 

Item Unit Price 

Pulpwood US$/m3s!f 25 

Hyd:-ogen peroxide US$/MTY 860 

Fuel wood chips 3 US$/m s 22 

Electric pow£>r US$/MWh 30 

In general, thesr unit costs reflect the prices which are 

charged in a number of developing countries. However, great 

variations may be found in the costs of hydrogen peroxide and 

electric power. 

A summary of the manufacturing costs for th£> two cases is 

shown in Table 4. The cost of chemicals is the major component 

both in the pulp mill as such and in the integrated mill. The 

cost of pulpwood is also a major component in the manufacturing 

cost of the pulp mill but it is of relatively little importance 

in the costs of the int~grated mill. The total annual manufacturing 

cost cstim3tes are, accordingly, US$ 3.5 million for the pulp mill 

and US$ 7.8 million tor the integrated mill. It could be mentionrd 

!I m3s ~cubic metres solid 

2/ MT ~metric ron 
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rh~H ch,• rt'iativPly hi)?.h L1bL)Ur cost I.)( th<' integrated mill reflects 

tht• high clt•gn•<' ,)t emplt•)'ml'nt providt'O in the finishing department. 

Table 4 

MJnutacturing Cost Estimates 

l t t'm 

Pu 1 .. 't'-''h)d 

Clw· 'c .1 ls 

Fuelwnod 

F. It• tt r i c P1!WPr 

Oc ht·r Mat L' r i ,1 I s 

1..1bou r 

Administ r.1t ion and Ovt•rht•ads 

Cont i ngt•nc i es 

Sail's Price Reguircments 

Pulp Mill 

llS$ million/A 

0. 7 

l. l 

l). 5 

o. 2 

0.4 

0.3 

0.3 

3. 'j 

i --

20 

31 

14 

6 

l l 

9 

Q 

100 

Integrated Hill 

llS$ million/A 

0.7 

2.1 

0.6 

0.9 

0.6 

l. 3 

0.9 

u.7 

i .8 

8 

27 

8 

12 

8 

17 

12 

8 

100 

When a study of this ki11d is prepared for a specific location, it 

is customary to evalualt• the return on investment starting from a sales 

price "'hich is tixed by the loc:.il conditions. In this case, howt•ver, 

such an .1pproach car.11ot be used sinlot' the estimates do not refer to any 

spt•cific: lor·:llion, not even a specific country. For thi!> reason, thf' 

evaluarinn of the viability~- the mills is based on the price requireJ 

for thP product to obtain 1::: percent compounded inten.•st on Lhe investment 

ovt•r a period of twenty yc·a.-s. The results arrivt•d ac in tl-.is way dre 

l!S$ :n.:. per air-dry con of pulp (in slush form for pumping to thc> paper 

mill from high-density ~torage) and US$ 860 pt.•r finisht>d tor of paper 

in shc•et form. 

As n•gards dH.: pric. requirem"nt for the pap(•r, US$ f,!>O is 

frequt•nc Jy paid ;11 rr.;. •Y dPvt•loping counr.ri1•s ar.d cv<•n considerably 

hight•.- prices <He char~ed in somt• cou~•.-ies. :\s rcgarrls th" pulp pric!•, 

th•• ,1cceprability ot lf5$ 1f•2 p<•r air-<lry rein in ;1 spc·,Lfic mill dt>p~·nds 

••nr ir1•ly "" wh;ir alternar ivf's rilw m;iterLils .1r" avai 1 .. 1i1,. •• nd ;ir wh,,r <osr. 
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Nevertheless, the price seems to be within or below the price range 

o( high-grade waste paper for printing and writing paper production, 

although its relative competitiveness would have to be est~blished 

in each case specifically. It may, nevertheless, be concluded that 

both cases see1n to have prospects for viable product ion of pulp and 

paper on a co111paratively small scale in many developing countries. 

Sensitivity Analysis 

Figure 2 illustrates the sensitivity of the pulp price at a 

constant capital recovery rate or internal rate of return of 12 percent 

to changes in manufacturing cost or total investment. Thus an increase 

of investment from US$ 9 to I I mi 11 ion would increase the price require

ment from about US $ 360 per air-dry ton to about US$ 385 at constant 

manufacturing cost. It can, therefore, be concluded that the viability 

of the pulp mill would not be seriously sensitive to increases in the 

total investment, since an increase of over 20 percent in the investm~~t 

requirement would only require a pric. increase of slightly over US$ lv 

per ton at constant rate of capital recovery. 

The sensitivity to changes of manufacturing cost, on the other 

hand, is far more marked since an increase of 20 percent in manufacturing 

cost calls for the price to increase up to about US$ 410 per air-dry ton. 

The same kind of diagram is shown in Figure ) for til .. sensitivity 

of th£ integrated paper mill. It can be concluded also in this case 

that the paper price required t~r a capital recovery rate of 12 percent 

on the investment is more sensitive to changes in manufacturing costs 

than to changes in investment cost. 

Table 5 presents the sensitivity of the two cases with regard 

to variation in the most important cost and price parameters. From 

the data shown, it can be concluded that the viability of neirher the 

pulp mill nor the integrated mill is significantly sensitive to 

variation in the cost of pulpwood. 
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As mentioned in the beginning of this paper, there are great 

variations in developing countries in the cost of pcroxid~ and 

electric power. Increasing the co~t of peroxide from US$ 860 per ton 

in the base case to a price as high as US$ 2,000 per ton would increase 

the cost of pulping chemicals by 60 percent. This would reduce the 

rate of capital recovery from 12 percent of 1.8 percent for the pulp 

mill or the pulp price at capital recovery rate retained a~ 12 percent 

~ould have to be increased to US$ 414 per air-dry ton. However, such 

an increase in pulping chemical cost would not by any means affect the 

viability of the integrated paper mill to the same extent. 

Similarly, if the power consumption in the pulp mill was 

increased by 100 percent at a constant price of US$ per MWh, th~ 

rate of capital recovery would reduce to 4.7 percent or the pulp 

price would have to be increased to US$ 400 per air-dry ton to 

maintain a rate of 12 percent. Again, the effect on the integrated 

mill would be less serious. Assuming, on the other hand, that the 

increase in overall power cost, rather than being caused by increased 

consumption, were due to a 100 percent pric~ increase to US$ 60 per 

MWh, the rate of capital recovery of the integrated mill would fall 

below IO percent to 9.1 p~rcent and the price of paper required (or 

12 percent rate of recovery would be US$ 921 per finished ton. 

Finally, it can be noted that a reduction in sales price by 

10 percent from the base price arrived at in this study would have 

serious consequences on the viability of both the pulp mill and the 

integrated paper mill. 
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Table 5 

J!nsiti'lity of Ct11ses to Variations in Mo~]~'!'P?.!'!=!!1~ Price Parameters 

I~~rr 

Pulcwood 

Pul~i~ chemicals 

?o""'r 
- in NlJ"iriq or,] y 

- in ~11 de~rt~ents 

sa'es price 

.... ?.O 

.. 60 

.... 100 

.&. 100 

- 10 I 

Pule mill 

10.1 

l.c-t 

4.7 

4.7 

5.2 

3'73 

/: l" 

'100 

100 

~6~ 

11) .o 

10.5 

9.1 

7.7 

.... . 

«JOii 

sen 
921 

&~1 

----------------------------------------------------· ---------····- ..... 

I 
:x. 
,,..,; 
I 
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Ccln<.: l ud i ng Rt>m.1 rks 

Althou~h £ht' pr('sent study has ust>d certain Jssumpt ions 

r('garding rht> pro<.:t'SS ot pulping, ir shculd be ffientioned that tht>rt' 

;Jrl' .1 number ,,f various opt ions which ,tr<> mon.• or less covered by 

thr sam~ ens~ estimates insofar as total manufacturing cost and 

invt>stment .ir .. • conce-ned. In ordt>r to establish the most appr.1pri:Ht' 

~rocess to bt> used, due consideration has to bt> given to the raw 

material, availability of certain chemicals and at what co~t, as 

wel: as the cost of wood and .. ~lectric power ur.dt•r specific conditions. 

Only then can the final answer bf? given as to whether or not J pr,1jt•ct 

ct this kind is viable under the actual prt>vailing conditions in a 

country. Nevertheless. it can bf? concluded from the datd prrsented 

here that production of printing and writing paper based on chemi

mechar.ical pulping of hardwoods can be a viable proposit inn in ma•1y 

developing countries at ~ production rat~ as low as 15 000 tons ptr 

year. 

References 
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SSCMP R - HlGH YIELD PULPING PROCESS 

FOR SMALL PULP HILLS 

by 

P.K. Kauppi 

Of all the process variables pres~nt in pulping of woody 

materials, chemicals have perhaps the most significant impact 

to the capital and operating costs of a pulp mill. The chemicals 

influence selection of construction material for the equipment, 

need for environmental pollution control, and design of the chemical 

recovery syst~m. The type and rate of chemicals used in pulping 

determine the ener~y requirements for the mechanical fibre 

separation following the chemical treatment stage. 

The most dominating force in the development of the Non-Sulphur 

Chemimechanical Pulping (NSCMP) process has been the conunitment to 

develop a high-yield process which is environmentally sound and 

simple enough for implementation ir. small pulp mills. In order to 

ac~ieve this objective, it was believed that sulphur free pulping 

chemicals would be most desirable. Sufficient weakening of fibre 

hooding with sulphur free chemicals was sought to minimize the energy 

requirements for mechanical fibre separation, as well as to reduce, 

0r completely eliminate, the requirements of chemical recovery. 

PULPING 

The NSCMP process (6) is covered by a U.S. patent (5) and other 

patent applications (Assignee: New Fibres International Inc.). The 

process description togeth~r with results of the pulping and paper

making Lrials have been presented i~ several publications. 

lhe NSCHP, a high-yield (80 - 90 %) process, is suitable for 

small and medium-size pulp mills pulping hardwoods, mixtures of 

woods, and non-wood fibres. This straight-forward and environmentally 

promising process demonstrates good fibre separation and low refining 

energy consumption. These highlights of the precess are created due 
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to the affinity of the NSCHP chemicals towards the f bre structur.·s 

of wood. Impregnation of chemicals into fibre struct,·res followed 

by vapour-phase cooking appears to be ideal for the NSCHP. The 

impregnation liquor is a mixture ol monoethanolamine and armionium 

hydroxide in dilute water solution. 

The initial pH, at the start of the cook, is normally below 12.0 

and the actual pH depends on the chemical charge and ratio nt the 

chemicals. The latest work has revealed that the pH at the end of 

the cook is not as critical to the pulp properties as first believed. 

With a low pH at the end of the cook, only a trace of residual (active) 

chemicals reoain in the digester. This way the pulping chemical 

consumption can be kept very low and the need for the chemical recovery 

is practically eliminated. 

Over 90 % yield aspen NSCHP pulp was produced (l,2,3,4) with good 

pulp properties at 350 - 500 ml, CSF and the total refining energy 

consumption of only 250 kWh/t. A high freeness aspen NSCHP paper was 

produced on a pilot paper machine with excellent sheet formation 

and good runnability chacacteristics. Table 1 compares the pulp 

properties and Table 2 the refining energy consumpti0ns respectively, 

of variol!S high-yield hardwood pulps, including NSCHP. Figure 1 

illustrates a schematic diagram for aspen NSCHP pilot plant pulp 

and ~3permaking trials. The test results clearly confirm that the 

high-yield NSCHP has excellent fibre separation, extremely low refining 

energy consumption without heat recovery and good properties at high 

freeness levels. None of the aspen NSCHP pulp samples were screened. 

Table 1 Typical PropP.rties of Various Hardwood Pulps 

NSC'IP NSCHP NSSC CHP SCHP CTHP THP 

Wood Species Aspen Aspen Aspen Aspen Poplar Aspen Aspen 

Treatment Time, min. 15 15 21 15 30 60 15 

Pulping Yield, '· 88.8 91.7 82.9 84.6 90 89.3 90.5 

CSF, mL 420 405 400 393 350 80 80 

Density, g/cm 3 0.60 0.58 0.46 0.34 0.49 o.62 o. 52 

Breaking Length, km 5.10 4.85 3.97 2.26 4.8 5.23 3. 
2 

Tear Index, mN.m /g 6.15 6.6~ 8.08 3 .8 9 7.1 3.18 2. 18 

Burst lndes, MN/kg 2.79 2.49 2.15 1.10 1. 5 2.23 1.16 

Ring Crush, kN/m 1.68 1.34 1.06 0.96 



Table 2. 
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Typical Refining Energy Consu-.>tions of Various 
Hardwood and Softwood Pulps. 
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Hixl'd Southt•rn tr.S. h.1rdwoods have bC'C'n successfully pulpC'd 

by the' NSCHP process. Table' 1 shows the rl'sults on handshect tE'sting 

of thrE'E' unscreenE'd NSCMP pulp samples of which one' samplc> was mixed 

with 25 ·;~waste clippings. and a connercial NSSC pulp sample mixed 

with 30 i" clippin~s. The chips for the NSCHP cooks were atmnspherically 

prestC'amed for 10 minutes. imprcgnated with chemicals and vapour phase' 

cooked for 15 - 25 minutes at 170°C. Liquor to wood ratio of 3:1 was 

maintained in the imprE'gnation stage, and the impregnation liquor was 

prepared by mixing frE'sh chl'micals and water. The cooked NSCMP chips 

were defiberized in the Sprout-Waldron Hodel 105 rC'fincr and beaten to 

the final freeness in a Valley beater. TAPPI handsheets were made and 

the physical properties of handsheets were determined in accordance 

with TAPPI Standard Methods. 

Table 3. Typical Handsheet Properties of Mixed Southern 
Hardwo,•d -:: NSCHP and NSSC Pulp Samples 

Pulping Yield, % 

Amount of Pulp, % 

Amount of Clippings,% 

CSf', mL 
3 Density, g/cm 

St!"etch, % 

Tensile Index, kN.m/kg 
2 Tear l~dex, mN.m /g 

2 Burst Index, kPa.m /g 

Concora, N 

Ring Crush, kN/m 

NSCMP 1 

83.7 

too 

300 

0.49 

2.63 

36.6 

5.85 

I. 74 

273 

1.35 

NSCHP 2 

83.4 

100 

320 

0.4 

1. 70 

30.0 

4.40 

1.48 

235.7 

1.42 

* Predominately Oak 

NSCHP 3 

86.0 

75 

25 

403 

0.49 

2.39 

33.5 

8.83 

1.69 

237.5 

1.33 

NSSC 

72-78 

70 

30 

222 

0.46 

2 .10 

33 .14 

6.61 

1.69 

217 

l. 59 

The impregnation liquor of the NSCHP contains only a small amount 

of chemicals on O.D. fibre basis. The impregnation and cooking conditions 

can be varied considerably, as was the case between the N3CMP 1 and the 

NSCMP 2 samples shown in Table 3. The pulping tests confirm good 



tlexibility .if tht.• procC'ss with these two chemicals. The optimum 

pulpin~ cc,nditi.•ns, including tht.' ratio ol the impregnation chemicals, 

c.m tw dt'tt•rmined on thl' basis of wood species, ril'sired pulp properties 

dnd nther condir!nns. 

The prelimindry laboratory work on the production of 82-88 % 

Yield kenaf and wheat straw NSCMP pulp has revealed encouraging results. 

Th._. bleachin~ w.1rk on various wood and non-wood NSCMP pulps indicate 

th.it the pulp is bleachablt• and th.it µulp properties are considerably 

improved by bleaching. 

RECOVERY 

When, for one reason or another, pulping is carried out under 

conditions whc>rt:' recoverable residual cooking chemicals remain in 

the digester <1t the end of the cook, chemic.tis may be.• recovered 

from the process reliet vapours. A small amount of residual chemicals 

could remain in the waste pulping liquor dischargt•d from the pulp 

washing. A portion of the weak wast£' liquor may be reused in the 

pulping. The balance could be t:'vaporated to produce strong waste 

liquor and burnt:'d in a boiler as a high-heat-value (10,000 BTU/lb) 

liquid fuel, or used as a base (sulphur and sodium free) for the 

production of lignin by-products. If the NSCMP mill is located on 

the same mill site of an existing Krnft or Soda mill, it woJld be 

possible to dispose of the NSCMP waste pulping liquor in the existing 

recovery boiler without upsetting the chemical balance of the existing 

mi 11. 

ENVIRONMENTAL 

The gaseous emission from the NSCMP pulping process, inrlud~ng 

evaporation and liquor burning, are sulphur and sodium free. 

Disposal of the NSCHP waste pulping liquor through the existing 

mill effluent treatment system is~o~sible, but will depend on the 

current mill operating conditions, and the existing regulations 

governing the characteristics of the treated effluent discharges 

entering into receiving waters. Since the NSCHP is a high-yield 

process, the BOD
5 

generated ii, an NSCHP mi 11 may be reduced to an 

acceptable level with modern effluent treatment techniques. 
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CONCLUSIONS 

After completion of several years' extensive laboratory and 

pilot plant work, the development of the NSCHP process is sufficiently 

advanced for full-scale mill use on the production of high-yield 

(80 - 90 %) pulps from hardwoods, mixtures of woods and non-wood 

fibres. The process can use conventional alkali-re5istant pulping 

equipment and, therefore, is suitable for not only new pulp mills, 

but also for existing mills requiring modifications and/or expansions. 
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DIFFERENT APPLICATION OF UPCO PULPING PROCESS 

by 

P. Vihmari 

TllE OPCO PROCESS 

The OPCO process is a patented process for the manufacture of 

chemi-mechanical pulps and is the property of the Ont3rio Paper 

Company. The process is available for license. 

WHO HIGHT BE INTERESTED? 

The advantages of the OPCO process should be evaluated uithin 

m• context of the particular mil I. Some examples fol low. 

!) A mill with a pollution problem could replace a chemical pulping 

operation with OPCO to bring i~s effluent within regulations. 

2) '.mill purchasing SBK could switch to OPCO t<, rC'duc£> furnish 

costs. 

3) ;\ TMP llp<'ration f<•rced to eXlf"Ssive powrr consumption to comb.H 

a bulk or linting problem c0uld reduce power costs and improve 

drainage' with the OPCO pro~ess. 

4) In a casr of a Lonstrain~d woody supply, OPCO could be used to 

rxtrnd wood rrsources. 

5) A machine ~ith drainage or runnability problems cruld br improved 

by replacing a parr nf the TMP with OPCO pulp. 

6) The OPCO procC'sses should be of interest to anyon£> running a 

high spPed newsprint machine on a groundwood or groundwood-TMP 

hasC'd furnish, and who wish£>s to reduce wood or Pnergy costs or 

to amrliorarr an rff lurnr disposal problem. 

Wlli\ T DOES 1 I DO? 

The OPCO procrs!' produc!•s .i nl'w kind of pi!pPr m..tking fibre, 

char.1crPrizl'd by th<' following: 

- F.nvironmrnr.~I .1«1·pr.1hiliry 

- II i gh w .. r wPh ..r r1·t< h 

- lligh fr1·1·11 ..... s 1r.'1 r1p1·I '.lr.1in.1gl' 



High pulp \"ields 

- Increased brightness 

- Reduced refining power 

- Reduced bulk and tinting 

i·:H,\ T I S IT? 

The OPCO procl'SS is a tht•rmo-chC'mical tr•:>,l[m.:·nr appli<•d t·l 

ml'chani..:;11 pulps, particularly TMP, eithl'r after rpfining nr hetw~en 

It rr.ay alsc) be incorp0r.1tC'd as an .idd-nn proct•ss in exisr ing 

me.:h.1nic.tl pulp lints. 

l':\[JER \\HAT Cu:\OITIONS IS THE PROCESS CARRIEO OUT'? 

Th·· proc"s" has the flexibility to tailor pulp propt•rtit•s ro a 

·..:id!' r.inge nf neC'd~. The best conf igurar ion invrdves a number of 

rr.1d.~- . .,ffs . .Jnd sh•"Jld be t•stablish.·d st>parately for each applic.Hi1ln. 

I ) P.tp•· r M.'lc hint> Dem.ind!-> 

A m~..:hinC' which imposes In~ srrrss on th~ unsuppnrtC'd WC'hs will 

he s,H isf ied wirh a less devt•lclped pulp • 

. » Pu Ip Dt>ve L>pmt•nt Requirements 

Pulp Clrvt·lnpment incrt•asC's with rC'fining powt•r and with cool..ing 

-. .. v.·riry. <;t>nt·r,;Jly .1 Look of lo1>°C for onr hour will reduct' 

vi .. IC! ro .1hnur 90 '1• ,inrJ produ<.:t• an 1•tfltwnc ROD of .iround 130 lb/ODT. 

In m•'sr appl ic.H ions mi ldrr condic irms would ht• prt>ferr.•d. 

M.1ximum rt-fining p0wpr is st•r hy rhr rlr.1ina~t· requirC'mrnrs of rht• 

furnish. 

I> I nr ,. rsr .1g1• 11s. Pnsr Trrar ment 

Po ... r rr1•.itm1·nr c.1n yi<·ld ,1 pulp wirh ,1 highPr and more pt•rman1•nr 

<..:1·r sr r1·rrh, !or ,1 p.q.>l'r m.1c.hin1· which r1•quin•s rhis .1ddi1 inn.ii 
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WHAT ARE THE CRITICAL PROCESS REQUIREMENTS? 

I l Starting Material 

The required starting material is a mechanical pulp consisting 

ml•stly of single libres in a well fibrillated state. RMP can 

be used but TMP is pref erred. 

The process is not applicable to: 

TMP produced well above the glass transmission temperature 

of the lignin. 

- Pulps produced by refining cooked and chemically softened 

chips. 

Products derived from species unsu•ted for mechanical pulp 

production, such as high density hardwoods. 

2) Chemic~l Requirements 

Enough sodium sulphite must be used to leave some residual at 

the end of the reaction, and to prevent the pH from dropping 

below about three. Normally between 5 % and 10 % on wood will 

be used. 

rniformity 0f mixing is critical; each fibre must be protected 

by its share of chemical before reaching reaction temperature. 

This requires particular attention to higher reaction consis-

tencies. 

HO':! IS THE PROCESS CARR 1 ED OUT? 

l) first Stage Refining 

Any refiner ~~itable for mechanical pulp production can bP used. 

Pressurized refiners yield a better pr~duct. for interstage 

c reatmt'nt. only en.,ugh power to separate the fibres need by 

applied in the first stage - normally under 40 HPO/T. There 

are some advantages to refining systems which discharge pulp 

at higher temperatures. 

21 Chemical Addition 

Two modes of addition arc rcco,nmended as capable of giving the 

rcqu~red uniformity of mixing: 

Addtr ion in the dilution watt'r in the eye of the refiner. 

~dditlon nf excess chemical prior to a screw plug (ceder 
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3) Heating to Reaction Temperature 

The insulating properties of a fluff TMP are pher.omenal. The 

modes of conduction and diffusion are normally not adequate to 

transfer heat to the pulp mass and must be augmented mechanically. 

There are a number of alternate ways of achieving this. 

4) Reactor Configuration 

Es~ential requirements are a pressure vessel equipped with 

some means of moving pulp in and out, and of su~h size as to 

provide a retention time of JO - ~O minutes, for a bulk density 

of about 4 ~b./cu. ft. Perfect plug flow is not a requirement; 

unlike lc..,.!r yield process~s, fairly wide variations in time of 

reaction ~an be tolerated. Once the pulp is brought to temperature, 

no heat need be added in the reactor. In a gravity flow system, 

it must be recognized that this pulp is very prone to bridging. 

Although a variety of reactor Jesigns might meet these requirements, 

we are in the process of designing a system specifically for OPCO 

application. 

S) Second Stage Refining 

Second stage refining may be either pressurized or atmospheric. 

To maximize wet stretch in t:ae pr:>duct, refining consistency s .. ould 

be high. Energy savings in inter-stage treatment are somewh~~ 

greater when most of the refining power is applied in the secor.d 

stage. 

Alte~natively, che process may be applied to a single stage 

THP as a post-treatment. 

EXAM I' LES 

Thorold spruce chips were refined in a commercial pressurized 

refine~ at a specific energy of 38 HPD/T. A portion of this pulp was 

r!actad ar. 15o0 c for 60 mfnutes with MA2so
3 

at pH 9 in a commercial 

continuous digester, and then refined further in 3 commercial open 

dis~harF.r refiner. 
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Another portion of the untreated first stage pulp was further 

refined in the open discharge refiner and a portion of the product 

reacted at l60°C for 60 minutes in the continuous reactor. The 

resulting pulps had the following properties, after standard 

de latency treatment. 

Tceatment Untreated Interstage Post 
THP Treated Treated 

Refing Power Total HPD/T 88. l 76.0 88.8 88. l 

c:;r 136 133 79 161 

Orainage Time, Sec. 1.45 2.42 5.16 1.47 

Wet Stretch, '7. 4.8 5.8 6.2 10.6 

Wet Tensile, N/m 83 112 126 75 

Wet Caliper, 111111. .351 .282 .273 .323 

Bulk 2.78 1.89 1.70 2.03 

Burst Factor 23 38 42 30 

Breaking Length 39GO 6200 6900 5200 

Tear Factor 85 68 60 64 

Dry Stretch 1.9 2.3 2.2 2.2 

These data illustrate the salient points of the process. 

- Compared to TMP, all OPCO pulps show a markedly reduced 

bulk and wet caliper. 

- lnterstag~ treated pulps refine with less energy to yield 

pulps with greatly improved wet ?nd dry strength properties. 

- Post treated pulps are characterized by exceptional wet 

stretch which is retained through normal delatency treatments. 
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THE OPCO PROCESS - CHEHl-HECHANlCAl PULPS WITH UNIQUE PROPERTIES 

PART I 

The OPCO proc~ss was developed to provide a reinforcing fibre 

at yields in the 90% range, which could be used, in mixture with 

stone ground-wood, as a furnish for n~•sprint machines running at 

high speeds. Some ~f the requirements of such a pulp are listed in 

Figure l. In this list, as in the real world, the bottom line is 

pafer machine runnabil:ty - the most important single factor affecting 

profitability, and the one lllOSt often ignored, possibly because it 

is the least understood. 

To understand the relationship of stock properties to machine 

runnability, look at the web as thE paper machine ~ecs it. The pull 

required :~carry the web across an open draw is proportional to rnv
2 

(1). 

T~e higher the speed, and the heavier (wetter) the ~eb, th~ greater 

the stress. Why then do breaks not occur exclusively in the first 

~raw where the scress is highest and the sheet i~ wettest and weak~st? 

In reality, breaks are more freq~ent in later draws. 

Figure 2 sho~s the stress-strain curves at iirst press moisture 

content, of two furnishes actually run on Q.N.S. #3 machine, with an 

SBK curve included for comparison. In normal operation with HYS furnish, 

Q.N.S. #3 stretches th~ web 1.67 4 in the first draw. From the graph, 

the tension required to carry the web across this draw must be about 

70 N/m. This same tension, appli~d to the UHY furnish woulJ stretch 

the web to its breaking point. G11 this basis, the UHY furnish should 

be impossible to run on Q.N.S. # ]. In an actu~l mill trial, this 

pulp made paper for only 10 minutes out of 7 hours. SBK, noted for 

its excellent runnability is distin~uished by its higl. extensibili~y, 

not its high wet web str~ngth. 

This dependence of run.1ability ~n wet stretch, proposed originally 

for HYS (2,3) has been supported by a survey of 14 mills which showed 

a striking correlation of ~chine speed with wet stretch and drainage 

rate (4), ane has been further confirmed and elaborated by studies with 

a va;i~ty of furnishes on an experimental paper machine (5). 
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The essence of runnability is simply this: as the •eb is carried 

through the m::chine, stretch is traded off to supply th1 required 

tension at each point. Traded ~tretch is not regained when tension is 

relaxed. When the web runs out of stretch, it breaks. Unus~d stretch 

provioes the safety margin to absorb p~rturbations, and to carry and 

equalize strains around defects. How then to create a pulp with high 

stretch? 

The OPCO process is a thermo-chemical treatment with sodium 

sulphite, applied to mechanical pulps. which maximizes wet stretch by 

stabilizing and permanently setting the curl in the pulp fibre. -

This is illustrated in the microphotographs of Figure 3. Pulp A is 

a lightly refined TMP with the high stretch and low strength typical 

of latent pulps. Pulp B is the same pulp with laten~y removed. 

Stretch has been traded for improved strength. Pulp C is derived 

from Pulp A by OPCO treatment, retaining both stretch and strength. 

Delatency treatment of Pulp C yields Pulp D in which a small increment 

of stretch is traded for further increases in strength. 

The OPCO reaction is nortndlly carried out at a temperature between 

130° and 18o0 c ~t pulp consistencies over 10 l, using 7 - 10 l sodi~m 

sulphite based on wood. Duration of reaction is usually between 15 

minutes and 2 hours. Longer reacti~n times result in lower yield, 

drainage rate and scattering coefficient. However, product quality 

is not highly sensitive to reaction time. This has important implications 

in the design of the reactor; design is greatly simplified when perfect 

plug flow is not essential, and variations of! ~O ~in retention time 

can be tolerated. 

The process may be applied between refining stages or as a post

treatment; each mode has advantages and disadvantages. 

In attempting to compare the basic properties of pulps produced 

under various conditions, a serious diff i~ulty arises; the properties 

of the pulp are highly depe~dent on the amount of curl in the fibre, 

i.e latency. As the fibre is straightened out, the amount the web can 
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b(' stretched before it breaks decreases, while the iorce required to 

break it increases. Simply straightening the fibres can reduce the 

freeness of th~ same pulp by over 100 CSF, half the wet stretch and 

double> the ten .... ile and dry strength. r.Jearly co!l'parisons made on t:1e 

basis of such measurements are meaningless unless the pulps are first 

brought to a common standard state nf latency - an impossible task. 

Ho~ever, we can measure the properties of a pulp in two different 

states of latency, and use the line connecting these two points to 

characterize the pulp. This is illustrated in ~igure 4, in which 

wet tensile vs. wet stretch at ruptu.·e are so plotted for a variety 

of pulps. Quality improves as the line is displ~ced upward and to 

the right. 

By progressively straightening the fibre we can move upwards 

along the line defining a particular pulp, but we cannot move off 

the line. To a first approximation all the lines have the same 

slope. Pulps can therefore be ranked according to the intercepts 

of thefr line at some arbitrary value of stretch to rupture, say 

:J ·,. The resulting value corresponds to the wet tensile strength at 

rupture which would be measured, if the pulp latency were first so 

adjusted chat the web breaks at 5 % el~ngation. Note that the 5 % 

stretch at rupture defines a standard latency condition solely (or 

purpos~s of comparison; the stretch of the actual furnish may be 

varied anywhere along the line, depending on the demands of the 

paper machine. 

Benefits of OPCO processing are apparent from figure 5; under 

some conditions, equal levels of wet tensile and stretch can be 

reachPd at 100 points higher freeness and 40 % less power compared to 

THP. Alternatively at equal freeness, or equal power, higher levels 

of stretch and tensile can be obtaired. The process has the flexibility 

to tailor pulp properties to a particular application. 

Improved stress-strain properties are accompanied by, and probably 

partly a consequence of increased fibre flexibility, whi~~ in turn 

manifests itself in improved consolida.ion of the web. Setter consolidation 

rf'f>ults in lower caliper in the wer web, and lower bulk in the dry sheer. 
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Better bonding as well as better consolidation results in lower linting 

tendencies and probably contributes to the improvements in dry strength 

0btain~d by OPCO processing. Thus at equal wet stress-strain properties. 

OPCO pulps average about I cm3!g lower bulk and over ljGO m higher 

bredking length, aqd these benefits are obtained at higher freeness and 

~ith less power. Figures 6 and 7 illustrate these effects. 

OPCO processing increases the brightness of TMP by about 4 points, 

with a brightness loss of less than l point after three months' aging. 

Scattering coefficient is Jecreased about 15 %. The process is without 

a consistent effect on tear. 

The special properties of OPCO pulps are the result of optimizing 

fibre morphology, as weil as fibre chemistry - both are necessary. 

For example, if wood chips are heated with sulphite under OPCO con

ditions and then r~fined, the chemistry of the OPCO fibre is duplicated, 

but not the morphology. This chemically softened chip separates in Lhe 

refiner to yield a stiff smooth-walled fibre showing little fibrillation. 

The resulting pulp is characterized by poor consolidation of the web, 

as revealed by high wet caliper, bulk and air permeability, by picking 

on the paper ma(hine rolls, and by low wet stretch an6 runnability. 

Improvements possible through further refining are limited by the 

pu!p's low capacity to absorb refining power; at normal pla'e separation, 

specific energy is low, anJ attempts to increase it by increasing plate 

pressure result in pad collapse and plate clashing, or in unacceptably 

low plate clearances, fibre cutting and loss of tear. The morphology 

of this pulp is contrasted with that of a typical OPCO pulp in Figure 8. 

Note that the fibres of the latter are highly kinked, curled, flexible, 

and well fibriliated. This morphology is established at the moment of 

fibre separation and is quite unrelated to the effects of subsequent 

chemical processing. Optimum morphology can be obtained under 

conditions of thermomechanical refining. 

The role of subsequent chemical treatment is to maintain wet 

stretch by stabilizing curl in the fibre, and to increase fibre flexibility 

and bon~ing resulting in lower bulk and higher wet and dry tensile strength. 
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The ~a!~ent features of the OPCO process are: 

1) 

2) 

3) 

4) 

Yil•l<ls over 9t) ~,with BOD loadings of the order of 100 lbs/ADT. 

Energv requirements comparable to grounctwood. 

Chemical requirement~ of around 200 lb. of sodium sulphite/ODT. 

A continuous process suitable for automatic control with minimum 

labour. 

5) Pulp properties optimiz<-d (or newsprint manufacture, particularly 

in the areas of tinting, opacity. brightness, reversion, and 

paper machine and pressroom runnability. 

The process economics are probably more dependent on paper 

machine runnability thar. on all ether factors combined! Goo~ 

runnability is indicated but not prov~n bv these laboratory investi

~ations. In the final analysis, the only fully reliable instrument 

for measuring runnability is a commercial high speed machine, and the 

final test of quality is still the pressroom and ultimately the market

place. The performance of OPCO pulp in these most demanding of tests 

is the subjecr of the following paper. 

Tllf. OPCO PROCESS - CllEMl-MECHANICAL PULPS WITH UNIQUE PROPERTlE~ 

FART II 

To prove conclusively that a groundwood based furnish could be 

run efficiently on a commercial high speed paper machiPe using OPCO 

pulp as the sole reinforcing fibre w~s our next task. The inexpensive, 

low risk route of trials on experimental paper machines was explored, 

and yielded valuabln information (5), but not ~he conclusive proof 

sought. A pilot plant to manufacture OPCO pulp for trials on our 

own machines was unattractive because of both the expense and the 

time delay. THe remaining alternative was a trial in borrowed or 

rented commercial equipment adapted for our purposes. To make the 

jump from laboratory ro full scale operation in commercial equipment, 

much of it drsigned for diffrrent purposes, was a high-cost - high-risk 

dccic,ion; ir offrrt>c! no opportunity .o Je.1rn from experience, a11d all 

key paramrters had to br ~ucssed right the first time. Hcwevcr, no 

other option was av·1ilahlr. 

Ill 



1he r ... quirements fo~ ,. commercial trial with borrowed or r:•nted 

equipment wt.'re a high-speed paper machine, preferably a fourdrini~r 

with ope11 draws, in proximity to a THP plant; ;i groundwood plant; a 

continuous reactor capa~le of processing the required 50 - !OO _o~s ~f 

pulp in a reasonable time, and lastly, a willingness on the part of 

the owner~ of this Pquipmen~ to participate in this venture. 

facilities throughout North America and Europe were surveyed 

and only on~ really satisfactory combination was located. WP were 

fortunate indeed to secure the cooperation of the ~nited Paper Mills 

in Finland. Thei~ assistance was vita~ to the success of the enter

prise. 

Using our best guesstimate of the degree of refining needed to 

produce the required stress-strain properties in the OPCO product, 

TMP was produced in the K"lipola tandem system at a tat·,;et freeness 

of 250 CSf, blown to trucks and shipped to the Tampella mill at 

Heinola for reaction. The reactor was desig"ed to male fluting stock 

from a chip feed. 011ly through the heroic pfforts of the Tctmpella 

crew was it possible to adapt it to ou~ purpose in the available time. 

The treated pulp. trucked back to Kaipola, was not screened 

because the freeness was already a little below target, and a short 

tridl indicated that a freeness drop of another 30 points could be 

anticipated after ~creening. The pulp aFpearcd clean, with a low 

shive content. It was centri-cleaned in a regular )-stage system at a 

reject rate of l.5 %. 

The resulting product wns a typical OPCO pulp. Figure 9 compares 

latent and delatent stress-strain properties o! this pulp with some 

OPCO pulps produc~d in other equipment and regarded as typical, and 

wi~h the TMP starting material. Other ooints in the figure indicate 

thn inferior properties o! an U~Y pulp, and the superb properties of 

the Kaipola chemical pulp furnish which the OPCO pulp was intended to 

replace. It concluded that the OPCO pulp prepared in Finland was re

prcsrotat ive of the process, and in no way exceptional. Table 1 shows 

rhr la~ent and delaten' properties of the pulp and compares them with 

the properties obrained on the untreated pulp. 
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Our original intention was to use a mechanical pulp furnish of 

ton-:_ gr,)undwood in the trial but this was not possible because of 

th~ m!ll set-up; the highest percenlage which could be supplied was 

7tl ·_ ~!"•.1undt'""d with )0 7o TMP. However, Table II shows that the 

properties ot Kdipola grDundwood produced on Roberts grinders, in 

mixture wirh 30 '\ THP, are comparable to 100 ~.;. groundwood, pr,lduced 

nn Waterous magazine grinders at Q.N.S. 

The final tesi of all our theories came at 1400 hours, September 5, 

1979 at Kaipola, Finland, when chemical pulp consisting of 9 % LYS 

and 9 % SBK was replaced in a single step with )) % OPCO pulp on # 5 

fourdrinier machine running JO lb. B.W. at 2400 ft./min. This moment 

went compler<>ly un-noticed b:y the paper machine, which continued to 

run as though nothing had happened. OPCO content was reduced to 28 %. 

There was no change in dry line, in vacuums or in steam consumption. 

Draws were reduced slightly - a sign of a strong well drained sheet. 

After about 3 hours, a single break occurred. The tail rethreaded 

on the first try and the machine was reeling paper again in 6 minutes. 

Duration of the trial was about 1 hours. Hore important than the test 

data, recorded in Table III, was the reaction of highly qualified 

observers fr0m both companies. There was unanimous and unqualified 

Jgreement that our goal of replacing low yield chemical pulp in a 

news~rint furnish had been achieved. 

Most C•Jmpanies feel that being able to sel I paper is at least 

as important as being able to make it. Pressrrom acceptability was 

assessed on both continents. 

Offset printing was assessed in a small run at Koillis-Hame, 

and in a 20,000 copy run at 26,000 i/hr run at Aamulehre in Finland, 

followed by 218,000 copies at 45.000 i/hr at Ft. Lauderdale. 

There were no breaks due co paper in any run. Linting was ~ol a 

problel'l; at Ft. Lauderdale the lint was considered about eqw1l to 

that of an ordinary twin wire sheet. Prine quality was at least 

equal to normal production. 
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At the Washington Star, 131,000 copies were printed by 

Letterflex, without breaks, wash-ups, or problems. Print quality 

was marginally better than normal Q.N.S. produ~~ion. Showthrough 

was normal and set-of~ was not a problem. The OPCC sheer meets 

the demands of the modern press-room in the critical areas nf strength, 

linting, opacity and print quality. 

A solution is now at hand to one of the major problems facing 

the North-American industry - what to do with the groundwood mill. 

This capacity is installed, paid for, and proven. Ground~oryd is 

rhe major component, and the cheapest component of our newsprint, 

but traditionally it has required reinforcement with che~ical pulp. 

If chemical pulp is retained, we .Jrl' faced with hug£' expenditures for 

recovery and pollution abatement processes. Often we cannot even be 

sure in advance that these processes will work. The pasr dC'cade's 

record of mill closur"'S in the East is resrimony to the gravity of 

this problem. 

If the chemical pulp is abandoned, and the switch made to TMP, 

the groundwood capacity is rendered obsolete and a host of new 

problems appear centered on bulk, opacity, linting, and energy. 

It is worth repl'ating th~t the OPCO process, in a mill trial, yielded 

a low tinting sheet from an unscreenl'd pulp prepared from a 250 CSF TMP, 

at a specific refining energy of only 75 HPO/T. The Finnish trial 

showed that by substituting OPCO pulp for chemical pulp, we can 

retain our groundwood mills, reduce pollution to manageable proportions, 

and reduce our wood requirements without penalty in enl'rgy costs or in 

paper machine or pressroom runnabilily. 

The OPCO process offers an economically actractive way of 

satisfying the various demands or the paper makers and printers, 

as well as the consC'rvationists and environmentalists. 
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'?AILE I 

Op.co hlp 

Ull~;rHtecl Treated 
Latent hlattat ~tellt De latent 

Pr••D•••· CSl 493 HS 116 171 

Draiu1•. ••cs. 0.59 0.74 1.1' 1.31 

Vet Veb Pr22ertie• 

tau Ue (If /a) 30 62 71 11 

Stretch ~) 11.3 '·' 1.7 '·' 
Caliper <-> 0.450 0.317 0.335 0.311 

On Prooe~ties 

!ulk 3.55 3.20 2.17 2.02 

Burst Iccla a.a 1.7 1.9 3.3 

!reak.ias Lca1tla 1300 lOOO 4600 '300 

Stretc:b ~) 1.7 1.6 2.2 2.4 

Tur I:ldcx 8.3 11.S 9.0 a.o 
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Kechaolcal Pulp 

lalpola Q,1',S. 

Pl'•eDeH (CS1) 100 7' 

l>rai.11•1• (lees.) 2.lO 2.56 

Vet ?euil• (S/•) 67 67 

Vet SCTeCdl (i) '·' s.o 

Burse Inda (k!a •2is> 1.7 1.6 

Tear IJU!.z Calf al/1) !.I '·' 
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?AIU III 

.< Paper Machi:• Trial 

\ 
' Wore ?Nrus ~ 

ru.rm.1h 
GrCNDdvood (t) 57 50 .58 
?!SP (t) Z5 12 26 
s..ibleacbed kratt (t) ' 0 • Uableached sal1bite (t) ' 0 I 
Opco 1ul1 (t) 0 28 0 

P.JI. ColUlitiOOI 
\lire 11••d (a/aill) 693 694 695 
IHl sp•ed (a/aia) 724 724 724 
Baadbox pre11ar1 Ckla) 63.2 63.1 63.3 
Slice opeaiDI <-> 10 10 10 
Su1•rc.alender speed (•/aia) 700 700 700 

Liiaea= prHnre (l .,., 1'0 190 190 

Paper Charac:eri1cic1 
C1/-2) k.t.1 v.1 pc u.1 49.1 48. 7 

lulk (cc/1) 1 • .56 1 • .57 1 • .56 
Tuti?.1 IAda M • .D. c:tsls> "·' 41.9 41.2 
Stretch M • .D. (t) 1.05 1.13 1.11 
tear C.D. (d .2,,) w 196 203 
~rst lada (kl• -2/1) 1.43 1.31 1.32 
l0\11hD••• 1 ks t.s. (a/aia) 16 101 17 

w.s. 97 104 92 
Jr1.1bt~••• 1.s.o. (!) 60.9 .59.2 61.% 
0pacit7 1.s.o. ~) "·' 93.6 93.6 
?oroaity (•/•1•) U4 213 216 
C£11p•r aacal•ad•r•d ,.,,. 120 117 113 

c.aludared ........ 75 71 76 

I 
I I 
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LOW-COST INTEGRATED PAPER HILL -

A SWEDISH CONCEPT FOR DEVELOPING COUNTRIES 

( HONOPULP PROCESS) 

INTRODUCTION 

The feasibility study on operating the 100 tpd pulp and paper mill, 

focusing on developing countries, was made possible by financial support 

from the National Swedish Board for Technical Development, the Swedish 

International Development Authority and the Swedish Export Council. 

The LCI (Low-Cost Integrated) project is based on new pulping and 

bleaching technology which permits the manufacture of hard-wood chemi

mechanical pulp for writing and printing papers, as well as for news

print. The study has been carried out by Swedish consultants and 

suppliers comprising Celpap in NorrkHping, KHW in Karlstad and Sunds 

Defibrator in Stockholm. 

The ma:n advantages of the LCI Mill can be summarized as follows: 

Comparatively low inv~stment cost - 20 to 30 percent less than 

for a conventional integrated kraft mill; 

Comparatively short time from planning to start-~p; 

Wide range of paper grades - produced frnm one pulp quality 

only, eliminating the need to import long fiber; 

High yield pulping process - 90 percent yielrl; 

Reduced po1lution - environrr~ntally safe; 

Compact mill layout. 

PART 1 - THE CMP PULP MILL 

Summary 

Paper is one of the most common .·veryday materia 1 s. However, many 

countries wishing to establish domestic paper production, have been 

constrained by the high construction and operation costs of a conventional 

pulp and pap~r mill. 
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The LCl Mill Concept (Fig. l) refers to a mill designed for 

integrated production of finished paper fro~ hardwood. It involves 

tht' wlt.)le process, from woodyard to finishing, wrapping and storage. 

The intention has been to provide a complete LCl Mill, based 

''" the Vt'ry best that Sweden has to offer in terms of equipment, 

detailed engineering, construction techniques, start-up know-how 

and man:igemt•nr services. 

Wood Handling 

The LCI Mill Concept uses the Eucalyptus tree (Eucalyptus Globulus) 

as the raw material for pulp production, but any other suitable hard

woods Lould be used. At the mill, the logs will either be piied or 

sent directly to a conveyor deck (Fig. 2). Manual barking directly 

after felling is recommended, but if mill barking is preferred, a 

barking drum and a conveying system has to be installed. A log 

washing unit is installed in front of a horizontal feed chippPr, fol lowed 

by a chip screen. Ov~r-sized chips are rechippcd and rescreencd. 

A~cepccd chips arc deposited in a chip pile with an average volume 

of 3,500 m
3

, corresponding t'> one week's consumption. 

P/tu" /. LCJ Miii CO...,r 
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Pulping and Bleaching 

l1Vl90UOM

'"'""'-•"L""' 

Basic data for the integrated mill is calculated on the basis of JJJ 

operating days per year. Design capacity for the CHP plant is 41,600 BDHT 

per year, or 125 BDHT per day. 

are 

The flow diag1·am for the entire CHP plant is shown in Fig. 3. Chips 

fed from the chip pile to a IO m3 live-bottom bin prior to chip 

washing and presteaming. Atmospheric steam generated in the primary stage 

refiner, at a temp~rature of about Ioo0 c, is used for heating the chips 

before PREX-impre~nation. The hot chip~ are compressed in an ADl-12 

plug feeder (fig.4), which feeds them into the bottom of the up-flow 

atmospht.'ric impregnation vessel. The recent ion t im<', around IO to 15 

minutes, is controlled by the ~peed of the lifting screw and the liquor 

level. 

A pure caustic soda liquor is preferabll' when using Eucalyptus, 

and tht• charge wi 11 be in tht• order of JO to 50 kg p<>r ton of wood 

(fig.)). After excess superficial liquor has drained from the chips 

in the top section of the vessel, the chips are fed tn a surge bin 

where they undergo alkaline swelling for 10 to 15 minutes. 

Primary stage refining (Fig.5) incorporates a second plug feeder, 

a pressureized feed chute and the RGP 60 Raffinator, th<' first in a new 

genrration of refiners from Sunds Defibrator. The Raffinator (Fig.6) 

is pressurized and powered by a 7.5 MW, 1500 rpm, synchronous 10 kV motor. 

The refiner is opcraled at a steam pressure of 0.25 HPa-x corresponding 
0 

to a temperature of 138 C. Compared with atmospheric refining (Fig.7), 

the pressuri~ed concept offers improved operational stability without 

any adverse t>ffecr on pulp qua I iry. 



-l:!I-

Pri ·:'" ~ .. ·~ ... -.,·condary n•tining stage (fig.l). thl• pulp is 

tlt' 0A«lt,•r,•tl in .1 s.:n•w press to approximately JO perct.-nt consistency 

together with s~reen and centricleaner reje~ts. Refining power 

consumption is estimated at 1900 kWh/BOT, including rejects. After 

sin~le-st.tgl· pr..•ssuriz.ed screening, the accepted pulp is centri

cleaned in three stages and pre-dewatered in a disc filter before 

washing in a twin-roll VPE-200 press (Fig. 8). 

The VPE Press operates according to the counter-current principle, 

"'ashing out diss.>lved organic substances, thus avoiding excessive con

sumption of bleaching chemicals. Very little liquid is 'arried forward 

~o the bleaching system since the pulp is ~ischarged at a consistency 

of 45 perct'nt. 

Hydrogen-peroxide bleaching (Fig.3), is carried out according to 

the HEP-process (High Efficient Peroxide) developed by SCA (Svenska 

Cellulosa Aktiebolaget). The most important process parameters are: 

Prewashing of the pulp in order to remove dissolved organic matter; 

- High chemical concentration in the bleaching tower; 

- "Closed"bleaching chemical loop with recirculation of residual 

chemicals. 

For newsprint, a final brightness of 50 to 55 percent ISO is anti

cipated, while the pulp for printin& and writing will be bleached to a 

brightness of 60 to 65 percent ISO. The hydrogen peroxide consumption 

will be 10 and 20 kg/ton respectively. A post refiner following the 

bleaching tower will reduce the freeness level further to 100 ml CSF, 

adding some 500 kWh/ton to refining power consumption. A process-water 

treatment plant will supply the mill with all the required water. Other 

facilities such as media supply, maintenance and services are included 

to ensure smooth mill operation. 

,.,.....,.. .. 
'"'''°"°""" 

"°"' WASMI • 
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Tur Index nrH.m2/g: 6.4 6.4 

Scattering Coefficient m211tg: 45 42 
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Pulp quality Versus Energy 

All high-yield pulps cons.,_. substantial amounts of electric energy. 

To b. inde,.ndent from the commnmity grid, electric energy viii b. generated 

by the •ill's ovn pouer plant, a coal- and wood-residue fired stea• boiler 

with a radial type condensing extraction turbine, yielding 22.5 HV at a 

pouer factor of o.~. 

The refining pouer consU11ption for a given freeness level de,.nds 

on the pulp yield (Fig. 9). At a yield level of 90 percent, power 

consU11ption is nearly 2000 kWh/ton while a yield drop of 5 units to 

85 percent reduces pouer de.and to su.. 750 kWh/ton. For -.chanical 

pulps. used for printing and vriting grades, suitability is determined 

largely by opacity and strength (Fig. 10). The scattering coefficient 
2 

should exceed 45 •/kg. corresponding to a yield level of 90 to 91 percent, 

resulting in a pouer consU11ption of 2000-2500 kWh/ton. 

The Eucalyptus pulp viii then have properties slightly inferior 

to a Scandinavian nevsprint f•1rnish. Lovering the yield in order to save 

energy reduces the scattering coefficient to an unacceptably lov lev~I. 

The lov opacity •ight be controlled by filling the paper with clay, 

but only to a certain extent. Lowering the yield also generates nev 

proble•s, such as increasing the amounts of organic and inorganic 

suJstances in •ill effluent. The best solution is to opti•ize results 

by adapting the yield and the characteristics of the pulp to the specific 

requirements of the paper produced. 

Figure 10 

\ IO 

- •2•-._... __ 
~ .,. 
tlO ~ 

~ 8H 

HOllll~~ 80• --~ 
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PART 11 - THE HARKET FOR THE LCI HlLL CONCEPT 

The market for the LCI Hill Concept is not limited to developing 

and newly-industrialized countries. Many industrialized countries have 

also shown great interest, including the US, Germany, the United Kingdom 

and Canada. 

Although the feasibility study concer.trates on developing countries, 

the L<I Concept will also enable other countries to produce paper economi

cally (Fig. ll). 

The mill covered by the study has a design capacity of 100 tpd. 

A mill of this size is appropriate in a developing country, but would 

prove uneconomical in an ·industrialized country. 

Countries for which the LCI Concept is particularly suitable due 

to their large import of writing and printing papers include Indonesia, 

Malaysia, Brazil, Nigeria, India, Pakistan, Mexico and Argentina (Fig.12.) 

Countries that import 30.000 tons or more per annum of newsprint, 

which therefore represent potential markets for the LCI Hill, include 

Mexico, Venezuela, Peru, Ecuador, Colombia, Brazil, Argentina, Thailand, 

Taiwan, Malaysia, Israel, Indonesia, India and China (Fig. 13). A 

number of these countries, such as Venezuela, Thailand and Israel, 

are also major pulp importers. Moreover Bolivia, Burma, the Dominican 

Republi~, Guatemala, Malawi and Tunisia are planning to export paper 

and therefore the LCI Hill Concept is particularly suitable for these 

countries as well (Fig. 14). 

The LCI Concept involves technical modification of the mill, as 

well as adapting its size. Huch of the equipment installed in large 

pulp and paper plants cuts labor costs. In the relatively small LCI 

Hill, it would be uneconomical to install advanced operating control 

equipment. Instead, alternative solutions have been adopted which 

contribute to economical mill operation and optimization of product 

quality. 
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The Paper Quality 

The chemi-~chdnical hardwood pulp produced by the LCI Hill permits 

the manufacture of many grades of uncoated cultural paper, eliminating 

the need to import softwood pulp. Pulp grades can be varied by using 

different amounts of bleaching agents, by adding china clay or by 

varying power input to the refiners. 

The paper machine's basis weight range is between 45 and 100 g/m
2

• 

The process is suitable for the production of printing and writing 

papers as well as new&print and magazine papers. 

The properties of the paper produced by the LCl Hi 11 compare favol•rabl y 

with paper produced by "conventional" methods in the developed countries. 

The brightness of newsprint produced according to the LCI Concept 

is comparable to that of conventional newsprint. 

Although the light-scattering coefficient and the opacity of the 

paper produced from Eucalyptus pulp (LCI) were below levels given for 

reference samples (Fig. 15), the levels were still quite satisfactory: 

opac~ty 94.5 percent ISO at a brightness of 57 percent ISO. 

In Fig. 16, LCI-paper is compared to normal printing and writing 

paper (P&W), made from chemical pulp. 

Newsprint produced exclusively from chemi-mechanical pulp derived 

from Eucalyptus has a tensile index well above that of a Scandinavian 

newsprint furnish (i.e. 85 percent sone groundwood and 15 percent kraft 

pulp)r given the same density for both papers. The tear index was only 

marginally lower than the reference sample (Fig. 17). 

Print-through depends very much on the opacity of the paper. However, 

pigment penetration and the separation of the vehicle are also important 

factors. Letterpress printing tests showed a higher ink requirement for 

the Eucalyptus-pulp paper when compared to the reference sample, but the 

same print-through propcrt it•s, as shown in Fig. 18. 
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Fipn 15. Cam •11ilDn of optal propena 
LClwN9•1111int 

....... LCI 

Basis weight g/m2 52 

Brightness %ISO 66 (541 

Opacity %ISO 94 

Light scan coeff m2Jkg 51 

I Fiprr ~ 6. Con4w ison of optical properties. 
: LCI ws PAW. 

Paperple LCI 

Basis weight g/m2 69 

Brightness %ISO 75 

Opacity %ISO 86 

Liggt scan coeff m2Jkg 51 

Fipre I 7. Conlparison of suength properties. 
LCI "' Newsprint •nd Paw. 

,...., .... LCI 

Density kg/ml 470 625 

Basis weight glm2 52 60 

Tensile Index Nm/g 61 50 

Tear Index mNm2/g 5.2 4,9 

Naw1111int 

52 

55 

96 

97 

PAW 

60 

80 

82 

Newsprint PAW 

473 750 

52 60 

39 41 

5,4 1,1 

Figure 18. Print-through and ink nquirement in letterpras printing. 
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Offset printing tests revealed no differences in ink requirement 

or prir.t-through at a print density of 0.85. At a print density of l .O 

the Eucalyptus pulp paper required somewhJt more ink, but the difference 

in print-through was minimal (Fig. 19). 

All the printing tests confirmed that pigment penetration was 

higher and the vehiclP separation lower for paper manufa~tured from 

Eucalyptus pulp. Reduction in print-through was noted following the 

addition of kraft pulp to the furnish. 

F,,.,,r 19. Print........_.. w1 ink rwqwi;•nent in offlet printing. 
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FiF~ 20. Investment costs 

FIXED INVESTMENT COST: Approxlm8tely USS &1 million 

INCWDED 32.0 MKhlnery, equipment and vehicle• 
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ANNUAL TURNOVER: UIS 25.2 mllllon 

INTERNAL RATE OF RETURN: 13 ~ 
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Investment Cost 

Most countri~s want a domestic pulp and paper industry. A major 

problem with new large pulp and paper mills - in developed as well as 

developing countries - is the heavy investment cost. Today the cost 

for a new greenfield plant is so high that a pulp price of about 

US$ bSO per ton is needed to break even. The current market price is 

around US$ 400 per ton. 

This is one of the key strengths of the LCl Concept. Investment 

cost is low, approximately 70 percent of that for a sulphate mill of 

the same size. These savings are achieved through com~onent standardi

zation and package design. 

The fixed investment cost has been estimated at app~oximately 

US$ 61 million at 1983 price levels. The fixed investment budget 

includes machinery, equipment, electrical and instrument installations, 

buildings, roads and railroad at site, spare parts, engineering and 

project management, recruitment and start-up expenses (Fig. 20). 

The fact that many countries are sufferinF from high unemploy

ment has been taken into account when designing the mill. Parts ~f 

the mill, which requires a work-force oi 475 persons, are labour-intensive. 

Cost/Benefit Analysis 

An analysis of the economic and financial costs/benefits per ton 

of printing and writing paper, calculated for the first year of full 

production, is given in Fig. 21. THe first histogram defines production 

costs and profit for the LCl Hill. The second histogram shows the costs 

of domestic pap~r production and the savings to be made in terms of foreign 

exchange. Host of the chemicals, the fuel for power generation and the 

loans are from other countries, leading to an outflow of foreign exchange. 

However, wood and personnel costs are entirely domestic. If the country 

imports pa9er, it may have to pay US$ 700 per ton in foreign currency. 

Domestic production reduces this figure to approx. US$ 500 per ton. The 

sales price is the same as for imported pape~, and considering that the 

market price in developing countries is normally considerably higher than 

the world market price, the benefits are obvious. 
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The import of energy also deserves closer consideration. In Fig. 21 

the cost of coal per ton of paper is US$ 166, equiv~lent to a~ annual 

total of almost US$ ) million. Assuming 7,)00 hours of prod~ction annually, 

the cost is US$ 30 per HWh, which is quite reasonable and well below the 

cost of power from a national grid. 

It has been calculated that steam production virtually balances 

capital and operating costs, although these factors have not been drtailed 

specifically. These figures naturally vary from country tu country, 

depending on how many raw material inputs are availab:e locally, upon 

prices and other factors. However, it is evident that LCI paper production 

would have a positive ~(feet on the balance of trade. Any country with 

sufficient fibrous raw material wishing to establish domestic production 

of pulp and paper, or to boost exports, would benefit from the construction 

of one or more LCI Mills. 

Frprr 21. Economic and finlncW COlll'lllMfit ....,-. ......... .,,,.....,..11 
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RECENT DEVELOPMENTS IN CHEMICAL PULPING ANO B!EACHING 

by 

Brian Or~ilI. Sunds Defibrator Pty. Ltd., Melbourne. Australia 

and 

Lars Nasffian. Sunds Defibrator A.B., Sundsvall. Sweden 

ABSTRACT 

This paper summarizes the major developments Sunds Defibrator 

has made in recent years, in the field of chemical pulping and bleaching. 

These include the low energy batch cooking system, medium consistency 

·'Xygen delignification. and short sequence bleaching. 

lNTRODUCTION 

During the last decade the capital and operating costs of a 

chemical pulp mill have increased dramatically, due partly to stricter 

environmental regulations, and higher energy costs. For the future 

mill to be ~iablc, it will be necessary to simplify the process and 

mill design. Sunds Drf{brator have therefore concentrated their 

efforts on rhe low-energy batch cooking system, medium consistency 

oxygc•n delignification and short sequence bleaching. A summary of 

thrs~ developments is as follows: 

THE LOW-ENERGY BATCH COOKING SYSTEM 

The modern fully automated batch cooking system has a number of 

advantages over the continuous cooking alternative for the kraft 

pulping process. These include higher operating reliability, greater 

flexibility, reduced sensitivity to chip quality, lower K. No. 

variations, less maintenance and higher availability. However, batch 

cooking had the disadvantages of a r~latively high steam cons~mption, 

and grc•ater 1ir pollution. To overcomP r.hesE' problemc;, Sunds DC'fibraror 

bq~an thl' dt>vc•lopmc·nt of .i hc•at rc•covl'ry systC'm for batch digC'strrs. 

Thl• aim of rhis work was to r<'dUCC' tht• h(•ilt consumption to a lE'vel 

c•qual to rhat of cont.inuous cooking, whilr retaining the simplirlry 

.111'1r1,li.1hilitv11f rhc· h;irch sysll'm. 
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ruring lQBl - 82, prototype trials were carried out on a 60 m1 

digestt'r at the ASSI Karlsborg mill in Sweden, based on draining off 

the hot strong black liquor at the end of the cook, and collecting 

it ~t full cooking temperature in a liquor accumulator. The heat 

conserved in the accumulator was then utilized tor preheating the 

charge liquors, and fur the blowing operation. 

The results of these trials 

were excellent, as steam demand was reduced by 40 - 50 %, and the 

cooking cycle decreased by 10 - 20 '7.. Based on these results, two 

125 rn1 digesters were converted to the new system. 

By draining the digester, about 75 % of the black liquor solids 

content in the cooking liquor is removed before the blow. This gives 

an improved washing efficiency, resulting in a decrease in subsequent 

washing requirements, equivalent to one wa~h f ilte~ 

The addition of cold liquor to the digester stops the chemical 

reactions, and over-cooking of the pulp is avoided. The cold blow 

also gives a significant improvement in pulp viscosity. 

With low-energy batch cooking, the blow heat recovery system is 

much simpler, and the sulphurous compounds remaining in the t.ot liquor 

accumulator are fed to the evaporators. Should it be necessary to 

vent the accumulator, the gases are taken to the turpentine system, 

together with the gases released from the digesters during the cook. 

Further details on the low-energy batch cooking system were reported 

earlier (1). 

MEDIUM CONSISTENCY OXYGEN DELIGNIFlCATION 

High consistency oxygen delignification hzs become well 

established, since it was discovered that magnesium is an efficienr. 

inhibitor 0( pulp degradation. By extending the delignification with 

oxyg~n, and complet~ly closing the brown stock system, the pollution 

load from thP ' "·a ch pi ant can be redL•ced by aoout 50 "l •• 
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T,, rl'ducl' tht.> capital cost. Sunds Defibrator t.>xtended their 

dl'vl'lopment of oxygen delignific~tion to medium consistencies, i.e. 

lll - 15 '. •• The main problem was to find a method for di·spersing 

the oxygen through the pulp suspt.>nsion, to ensure that each fibre 

rl'c(•ivt.>tl the corrl.'ct amount of gas. This led to the development of 

the SHA mixer. The new mixt.>r fluidizes the 

pulp in thl.' mixing zone, providing the required micro-scale mixing 

of pulp fibres and oxygen. 

A medium consistency oxygen dt.>lignification plant for 100 T/D of 

kraft pulp rejects was started-up at the Korsnas-Harma mill in Sweden 

at the end of 1983. 

All rejects from the three 

scrl.'en rooms are ~efined, dewatered, and then stored in a H.D. 

tower. From this tower the rejt.>ct pulp is taken through the 

oxy~en delignification plant, and then back to :.he two parallel 

pulp lines, where it is finally washed ~nd screened together with 

the normal pulp. 

Further dt•v£'lopml'nts arc th<' twin-roll dewatering press, cE'ntrifugal 

type thick stock pump, oxygen mixer, the bottom of the reactor with 

pulp distributor, and the top of the reactor with the discharger. As 

therl' is no gas volume in the reactor, and as ignition is impossible 

at 10 - 12 % consistency, no system for bleeding and destruction of 
1 .ill-llp flammable vapours and gases is necessary. 

After six months operation of the first commercial medium 

consistency oxygen delignification system for up-grading of kraft 

pulp rej£'cts, the following conclusions were reached: 

- The plant has worked very well mechanically, and is very easy 

to start and stop. 

- A Kappa number reduction from about 80 to 50 is reached when 

charging about )0 kgs alkali/ton, and about 30 kgs oxygen/ton. 
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This delignification gives a reduction of shive content 

of about 50 \. 

- It seems that magnesium not only decreases the degradation 

of the cellulose, but also decreases the rate of delignification. 

- By treating the kraft screen rejects with oxygen, it has been 

possible to use the rejects in the bleach plant, with no 

noticeable change in pulp quality. 

Furtht•r informaticn on the Korsnas-Hanna plant was reported earlier (2). 

SHORT SEQUENCE BLEACHING 

Fol lowing the deve.lopment of medium consistency oxygen del ignificat ion, 

Sunds Defibrator continued to investigate further applications of oxygen 

addition to other bleaching stages. The use of the SMA mixer made it 

possible to add oxygen to the first alkali extraction stage, and a number 

of bleaching sequences were tested on unbleached, as well as oxygen pre

bleached softwood and hardwood p•ilps. 

The first full-scale trials with an oxygen reinforced extraction 

stage took place at the SCA Ostrand softwood bleach plant in 1980. 

The mixer was installed ahead of the upflow extraction tower, where 

4-5 kgs of oxygen per tor, of pulp were used. This installation reduced 

the Clo
2 

consumption by 9 IO kgs/ton (as active chlorine), in comparison 

with an unmodified parallel line, with the sequence DC-E-D-E-D (3). 

One of the main advantages with the addition of oxygen to the 

extraction stage is the possibility of producing fully bleached market 

pulp in only three bleaching stages, i.e. DC-E0-0. The Ostrand mill 

also served as a pilot plant for three-stage bleaching trials, and 

the final E and D stages in the bleach line containing the oxygen 

extraction stage were shut-down. The bleach plant was then run on 

the short sequence for one week during each trial period. 

These tests confirmed the laboratory results, and the feasibility 

of the short sequence process. It was possible to reach high brightness 

lev~ls in only 3 stages, while m~intaining a pulp viscosity greater than 

900 dm3/kg (4). 

--'-
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The tirsc )-stage bleach plant based on this concept was 

sLtrtt.•d-up .tt Norrsundet in Sweden early in 198). In 1981, a 

dt•cisi1•n w.-is made to increase the bleached pulp capacity of the 

mill by 420 T/D, by in£talling an additional continuous digester, 

.1 completely new closed screen room, a high coa.sistency oxygen 

dclignification stage, and a new )-stage bleach plant. 

In the new bleach plant, with the sequenct OC-EO-D, 

each bleaching sta~e is equipped with the same type of high 

intensity shear mixer. 

After running the plant for 12 months, the following conclusions 

were drawn: 

There is no difficulty to obtain 90 % ISO brightn~ss; 

The pulp viscosity has remained high, thus giving good 

strength properties; 

The pulp cleanliness is better for the DC-EO-D sequence 

compared to the DC-EP-D-EP-D sequence at the same brightness 

level; 

The bleach chemical costs are very similar for the DC-EO-D 

and DC-EP-D-EP-D sequences; 

These results can also be obtained with higher Kappa 

number pulps, i.e. 35-45. 

further details on short sequence bleaching were. reported 

earlier (5). 

Based on the above commercial experience, we would recommend 

that any new bleached kratt mill, with stringent environmental 

regulations should incorporate the low-energy batch cooking system, 

medium consistency oxygen delignification and short sequence bleaching. 



, 
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NE~SPRINT FROH BAGASSE AND HARDWOOD PULPS 

by 

Brian Orgill 
Regional Director 

Sunds De(ibrator A.B. 
Singaporr 

This paper will summarise the current developments in bagasse 

and hardwood pulping (or newsprint, and give details of laboratory 

and pilot plant tri.ils (or the manu(acture of newsprint from a 

mixture of bagasse chemical pulp, and eucalypt C.H.P. pulp. Information 

will also be given on labor~tory testing o( different hardwoods by the 

C.T.H.P. process. 

Many countries have a 1·ery limited wood supply, but have 

sufficient coal, oil or ~as to replace a substantial amount of bagasse 

in their sugar mill boilers. Bagasse contains ab~ut 65 ~fibre and 

35 i. pith, which is of an amorphous nature, and gives very poor 

drainage, strength and opacity. The usual method of processing the 

raw bagasse is to moist depith at the sugar mills, in either haflllll(.'r 

mills or vibrating screens, and the pith is burnt in the boilers. 

At th .. : pulp mill, the pre-depithed bagasse is wet cleaned to remove 

sand, rocks and foreign material, together with some additional pith. 

The fibre is then ready for processing. 

I~ 1957, Sunds Defibrator started-up their first continuous 

digester for the chemical pulping of bagasse, at the W.R. Grace mill 

at Paramonga in Peru. Sine<' that time, we havl' continued to work 

with differl'nt mills and consultants to further develop and adapt our 

process l'quipmenc to their particular needs. Host of this wc:-k has 

been in the chemical and semi-chemical pulping fields, but this 

interest has also moved into the chemi-mrchanical, chcmi-thl'rmo

mechanical and thermo-mechanical pulping areas. Through the years, 

many companies such as Crown-Zellerbach, K.H.W. and De La Rosa c:ie~ 

to develop processes for producing good quality newsprint from bagasse. 

The old problem remained of obtaining good machine runnability together 

wit~ dccrprahlr opaciry, as you will notr from fl~ure 1. 
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lhe first commercial bagasse newsprint mill started-up at 

lnduperu in Peru in 1977, and the second at Hexicana de Papel 

Periodico in Mexico in 1978. Both of these mills are based on 

the Cusi process. and Sunds Defibrator supplied the major part 

of the pulping equipment. The Cusi process involves extensive 

impregnation in atmospheric towers, followed by light cooking, 

and fractionation of the pulp. The rejects are re-cooked and 

refined under pressure ina separate digester. The Cusi process 

is an elegant solution for pulping a non-homogeneous raw material 

but the process was modified, and simplified when the third 

newsprint mill was installed at Tucuman in Arg~ntina. Bagasse 

pulp produced by the Cusi process has good strength properties, 

and the opacity was improved by the addition of clay, and small 

amounts of stone ground-wood, T.H.P. or R.H.P. wood pulps. 

Hore recent plants have aimed to produce a pulp similar to 

traditional mechani•al wood pulp, with a higher power input and 

yield, than that obtained from the Cusi process. 

The first such installation is presently starting-up at 

P.T. Kertas Letjes in Indonesia. This plant comprises three 

pulp lines, together with the addition of a small amount of 

imported chemical pulp. TherP- is a 75 T/D rice straw chemical 

pulp line, a JOO T/D semi-chemical bagasse pulp line and a 

150 T/D T.H.P. bagasse pulp line. The two bagasse pulp lines 

use the Peadco two-stage pressure refining process, and there 

is a common chemical recovery system for the rice straw and 

semi-chemical bagasse pulp lines. At this stage of the 

commissioning period the newsprint furnish comprises about 40 % 

bagasse T.H.P. pulp, 40 % bagasse semi-chemical ?ulp, and 20 % 

long fibre chemical pulp. 

In India, Tamil Nadu Newsprint and Papers Ltd recently 

made trial quantitirs of newsprint with various mixtures of 

bagasse chemical pulp, bagasse T.H.P. pulp, and hardwood 

chemical pulp. Present indications are that an acceptable 

quality newsprint can be made from a furnish comprising 50 i 

bagasse T.H.P. pulp, 35 % bagasse chemical pulp, and 15 % 

hardwoorl chemical pulp. Some clay is added to improve opariry. 
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The Beloit process is used for bagasse mechanical pulping, and this 

involves producing a T.H.P. pulp followed by fractionation, and 

refining of the chemically treated rejects. Sunds Defibrator 

supplied the two bagasse chemical pulp digesters as shown in Figure 2, 

and a significant amount of the mechanical pulping equipment. 

A further process developed for pulping bagasse for newsprint 

is the Cuba-9 process. Extensive work has been done in the pilot 

plant at the Research Centre in Cuba, and this was also aimed at 

producing a higher yield bagasse pulp. Basically, the Cuba-9 

process consists of atmospheric treatment with chemicals, followed 

by pressing, and two stage atmospheric refining. It was found that 

the ideal newsprint furnish was 80 ~ C.H.P. bagasse pulp, 10 ~ stone 

groundvood pulp, and 10 ~ semi-bleached Kraft pulp. This process 

will be of interest for smaller mills due to the relatively low 

capital cost. 

As can be sPen from the above coanents, bagasse pulping for 

newsprint is an evolving process, and it will be very interesting 

to follow the progress at Letjes and Tamil Nadu. For countries such 

as India, with both bagasse and plantation hardwood available, the 

solution is much easier, as newsprint can be made from a mixture of 

bagasse chemical pulp and C.H.P. hardwood pulp. The bagasse pulp 

provides the strength, while the opacity comes largely from the 

C.H.P. hardwood pulp. Both processes are veil proven and have a 

common chemical recovery system. The bleaching processes, i.e. 

C-E-H, and hypochlorite are also more economic than the alternate 

peroxide bleaching. 

To prove that an acceptable newsprint quality could be achieved 

from these two pulps, we obtained some chemical bagasse pulp from 

Kimberley-Clark de Hexico, Orizaba mill, and mixed it with eucalypt 

globulus C.H.P. pulp produced in our pilot plant in Sweden. Newsprint 

was made on the pilot paper machine at the Norwegian Institute of 

Technology in Trondheim, under the direction of Dr. H.W. Gie1tz, and 

was tested for strength, optical and printing properties. figure 1 

shows rhe relationship between light scattering and tensile index for 

various mixtures of bagasse chemical pulp and C.H.P. hardwood pulp. 
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Based on these results, the optimum opacity and ru.mability pro

perties were reached with a furnish of about 60 ~ bagasse chemical 

pulp, and 40 t eucalypt C.~.P. pulp. Figure 4 shows the influ~nce 

of clay addition on this furnish. Figure 5 shows that an acceptable 

newsprint could be manufactured with a furnish of 601. bagasse chemical 

pulp, and 40 t eucalypt C.H.P. pulp, together with about 5 1. clay. 

Figure 6 shows a C.H.P. plant for pulping of hardwoods. A 

similar plant is installed at the Hindustan Paper Corporation mill 

at Kerala in India, for pulping eucalypt grandis and hybrid. 

Bleaching is done with sodium hypochlorite, and the newsprint furnish 

is 75 t C.H.P. eucalypt pulp, and 25 t reed chemical pulp. There is 

a common chemical recovPry system. A second plant will s~~n start-up 

at the Nigerian Newsprint Manufacturing Co., based on gmelina. The 

furnish will comprise 80 t C.H.P. pulp and 20 1. chemical pulp. 

To obtain the benefits of energy recovery, we now reconmend 

pressurized refining of hardwoods as shown in Figure 7. Figure 8 

and 9 give results obtained from testing of various hardwood species 

by the C.T.H.P. and 8.C.T.H.P. processes. Figure IO shows the 

influence of alkali charge on tensile index, and Figure II shows 

the relationship between light scattering coefficient and tensile 

index for different hardwoods. 

Probably the only mill in the world producing newsprint from 

100 t hardwoods is the Paper Industries Corporation of the 

Philippines. The furnish comprises about 55 % R.H.P. and T.H.P. 

pulp and 45 % chemical pulp all of which is produced from 

albizzia falcata. 

As can be seen from the preceeding comments, bagasse and 

hardwood pulps have been used to manufacture newsprint for a 

number of years, and we see great potential for the use of 

these raw materials in countries with little, or no softwood 

resources. 
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BAGASSE PULPS OF VARIOUS YIELDS 

Light scattering vs tensile index 
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FIGURE 2 
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INVESTIGATION OF KENAF OXYGEN PULPING 

by 

Anchalee Kamolratanakul, Naiyana Niyomwan, Sirikalaya Suvachittanont 

and 

Suchart Tribuarwagsuk 

ABSTRACT 

This report presents a preliminary study on the oxygen pulping 

of Thai kenat. 

The single stage soda-oxygen pulping of Thai kenaf was investi

gated at constant alkali charge, temperature ranging from 120 to 15o0 c 
and oxygen pressure ranging from 0 to 140 psi. The results show that 

bright pulp could be obtained with moderate strength properties at 

oxygen pressure 140 psi and temperature levels of 130 to 140°C. 

INTRODUCTION 

Industrial interest in oxygen pulping has been motivated by 

an achievement of a study on oxygen bleaching (Chang et al. 1976). 

The research work in this field was so successful that it has de

veloped into industry. Since 1970 the oxygen bleaching industry 

has produced several types of paper {Rolandson 1970). But as for 

tht> study on oxygen pulping, it has not yet been accompl i:.:1ed to 

reach an industrial status, for reasons to be further stated. 

However, this has been developed to a pilot-scale level. 

By oxygen pulping or bleaching, it always means alkaline 

oxygen pulping and bleaching. It has been known for a long rime 

that lignin can degrade and dissolve when reacting to oxygen in 

alkaline condition (Chang and Kleppe 1973). However, there has 

been no clear study result about chemical reaction to oxygen 

pulping (Eckert et al. 1973). A research work by Kratzl et al. 

(referred to by Eckert et al. 1973) has shown two reactions by 
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(a) ,,xidative coupling ,,f phenolic nuclei crec:ting ortho-ortho linked 

d iph~·nols when side chain being saturated alkyl group, and by (b) r"

placement ~'f side chain in phenols model. i:oniprising benzyl alcohol 

or carbonyl junctional groups. These two reactions have caused de

gradation of lignin. 

Most of the research work on oxygen pulping usually has focussed 

on the use of wood, both soft and hard, as raw material. With regard 

to the quality of oxygen pulp in comparison with sulphate pulp, it 

has been found that the former could react to the beating better than 

the iatter. So a good point is that less energy is consumed in the 

beating. However, at the same time oxygen pulp gives higher uSR Values 

than sulphate pulp, while its tearing strength is lower than that of 

sulphate pulp (Abson and S~ockman 1979; Chang et al. 1974). 

A concerning problem which has caused unsatisfactory effect on 

oxygen pulping is that carbohydrate degradation and penetration of 

oxygen into wood chips are not completely absorbent if they are not 

made small and thin enough as oxygen has low solubility. This 

problem has reflected in low quality of oxygen pulp which requires 

a long cooking time, and chances to get ununiform pulp, mostly un

cooked part (Hekeluy et al. 1978; De Choudens and Honzie 1977). 

Thus, in order to solve this proble111 in wood oxygen pulping, wood 

chips must be prepared small and thin enough for perfect reaction. 

Normally a chip should have up to 20 - millimetre thickness (De 

Choudens 1977) and 6 x 25 millimetre by width and length (Jamieson 

et al. 1975), which is smaller than the conventional size for 

chemical pulping. To prevent carbohydrate degradation, magnesium 

salts in the form of HgO, HgC0
3 

or others must be added for con

trol 1 ing oxygen pulp quality f~r industrial use (Chang et al. 1974). 

At first the study on oxygen pulping was conducted on single 

stage pulping, which was later developed to two-stage pulping by 

first pre-cooking of chips with alkali, followed by oxygen pulping, 

with or withnut fiberizing in between. Presently there have been 

experiments on oxygen pulping by using thermomechanical fibres 

produced from softwoods, such as spruce and pine, as veil as some 

hardwoods instead of wood chips. The result has proved more 

s.11isfaccory (El-Ashmawy et al. 1977). 



On the other hand, some non-v:1od raw materials, such as rice 

straw ;1nd bagasse, have less density than wood, thus facilitating 

the penetration of chemicals and oxygen (El-Ashmawy et al. 1977). 

So this kind of raw materials can react well to oxygen pulping by 

single stage process. In 1977 El-Ashmawy and his experimental 

team conducted an experiment on this single stage oxygen pulping 

by applying rice straw and bagasse of the same size as useJ in 

soda pulping. The result has shown that the oxygen pulping from 

rice straw and bagasse could replace other conventional pulping 

processes. The oxygen pulp rendered higher yield but lower lignin 

than soda pulp. In 1976 Watanabe applied for a patent for his 

accomplishment in oxygen pulping from rice straw and other non

wood fibres, with the size of raw materials being the same as in 

the chemical pulping. The pulp obtained bore the same quality 

with that of wood pulp and had brightness value so high that its 

bleaching stage could be reduced (Watanabe 1976). 

Since kenaf is a non-wood fibre crop similar to rice straw 

and bag3sse but with stronger structure, it is likely to react 

co the oxygen pulping just the same. The study on oxygen pulping 

from kenaf in this report is purposely to preliminary study and 

evaluate pulp obtained from a single stage oxygen pulping with 

stress specifically on technical data, by applying equipment and 

devices available in the laboratory for the experiment. 

EXPERIMENTS AND RESULTS 

I) Raw Material 

Source Raw material used in the experiment is Thai kenaf, 

variety of Green Stem, age 5\ months, cultivated in the area of 

Ubolratana Dam, Khon Kaen by the Agricultural Experiments Station, 

North East Agricultural Research Centre. This raw material was 

sun-dried in the field for 4 months before putting on experiment. 

Analysis of chemical compositions is ~hown in Table 1. 
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TABLE l. 

CHEMICAL COMPOSITION OF THAI KENAF. GREEN STEM AGE 5\ MONTHS 

Chemical compositions Percentage 

l. Holocellulose 73. 55 

2. Alpha cellulose 36.60 

). Lignin 18.09 

4. Alcohol-benzene solubility 5.06 

5. Hot water solubility 20.82 

6. Pentosan 16.32 

7. Ash 3. 72 

Chemical analysis by TAPP! Standard Method. 

TABLE 2. 

OXYGEN PULPING CONDITION 

Raw material charged, oven dry 

Chemical charged, on o.d. chips 

- NaOH 

- HgO 

Liquor to chip ratio 

Oxygen pressure 

Maximum temperature 

Time to max. temp. 

Time at max. temp. 

50 g 

26 % 

0.6 % 

6: 1 

0-140 psi 

120-150°C 

hr 

3 hr 
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Preparation Chipping and selecting of kenaf samples for 

uniform size were made before pulping in order to get well im

pregnation of the chemicals. Kenaf chips of I inch long were 

slightly cr~shed by Hanner mill just for their breaking. Then 

the samples were screened through ) size~ of wire ganze at 
3 3 . 1 I . d I I . K f h" h 4 x 4 sq. in., 4 x 4 sq.in., an 8 x 8 sq.in. ena c ips t at 

d h J J . . b Id h l l passe t e 4 x4 sq.in. wire ut cou not pass t e 4 x 4 sq.in. 

wire would be classified as "large fraction". The chips that 

dh hh l I .. b If hi l. passe t roug t e 4 x 4 sq.in. wire ut e t on t e 8 x 8 sq.in. 

wire, were called "small fraction". These two groups of kenaf 

chips would serve as the pulping samples. 

As we broke down the chips by Hammer mill the raw materials 

consisted of kenaf ribbons and kenaf wocdy cores. The weight 

ratio of ribbon to core in large fraction and small fraction is 

0.76:1 and 0.27:1 respectively. 

2) Oxygen Pulping 

Experiments were carried out on both sizes of the raw 

material samples. Cooking was conducted in an electrically 

heated pulping unit consisting of six stainless steel auto

cl~ves, each having a capacity of 2.5 litres rotating in a 

heated liquid paraffin bath. The upper valve of the stainless 

steel cylinder was connected to the oxygen gas by copper tube 

which has oxygen pressure regulator for controlling the oxygen 

gas pressure in between. 

Soda cooking process was experimented at 170°C conventional 

condition for 2 hours, to the screened samples for optimization 

of chemicals before running the oxygen rulping trials. The 

expected cooking yield was 40 - 50 % at the obtained pulp Kappa 

number of 30-40. The result gave the amount of NaOH 26 % on dry 

basis sample chips. This was rather high compared with the work 

of Chu which used only 21 % NaOH (Chu et al. 1971). However, 

this investigation would follow the 26 7. NaOH. 
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The kenaf charging for each autoclave was 50 g oven dry weight. 

Cooking liquor to wood ratio of 6:1 consisted of 26 4 NaOH and 0.6 4 

HgO. Magnesium oxide was used as carbohydrate protector in oxygen 

pulping. Oxygen pressure in cooking cylinder was adjusted from 0-140 psi. 

Cooking temperature was 120 - 15o0 c. Cooking time was 3 hours. 

Preheating time to the required temperature was within l hour. 

Cooking condition is shown in Table 2. 

Properties of oxygen pulp were compared with those of kenaf 

soda pulp, at 170°C and at the same chemical amount and cooking 

condition. 

3) Evaluation of Pulp Properties 

Cooked pulp was washed until free of cooking solution and 

refined by Sprout Waldron 12" laboratory single disc retiner at 

0.75 millimetre disc clearance. The pulp was then dewatered by 

Heine universal centrifugP and refined by Hobart mixer to determine 

its moisture and yield. 

Kappa number was determined by Std. TAPPl. Testing for 
0

SR 

was carried out. Physical pulp property was tested through round 

sheet sample of 20 cm dia. produced from unbeaten pulp by the 

Sheet Machine of Karl Frank of the Federal Republic of Germany. 

Results of pulping experiments and properties are shown in 

Tables 3, 4 and S. 

DISCUSSION 

1) Oxygen Pressure Effect on Pulp Quality 

In pulping, the more the oxygen pressure, the brighter the 

pulp, and the less the Kappa number, this means higher physical 

quality but less yield. For example, at 12o
0

c for the small 

kenaf fraction, when the gas pressure was increased from 0 to 140 psi, 

the pulp brightness rose to 14 - 23 units while its yield reduced 

by 3 - 8 % thus lowering Kappa number by 33 - 40 % when compared 

to the non-oxygen pulping under the same cooking conditions 

(Tables 3 and 4). 
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Oxygen pressure has much effect for the increase of pulp 

property particularly at the pressure of 140 psi. It has been 

found that every pulp sample has brightness over 50 which is 

considerably high in comparison with that of the pulp cooked 

under the same condition but without oxygen. 

2) Temperature Effect on Pulp Quality 

When the cooking temperature was increased from 120° to 15o0 c, 
the pulp brightness was reducing at the same time with the yield, 

while Kappa number much lowering. It can be seen from Tables 3 and 4 

that Kappa numbers of the pulp samples cooked without oxygen at 
·o o 

t~mperature between 120 and 140 C show not much difference, but 

inr~easing considerably when cooked with added oxygen. 0 SR of the 

pulp is also higher when heating temperature is increased. 
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TAisLE 5. 

COHPARATIVE OF PHYSICAL PROPERTIF.S OF KENAF SODA PULP AND OXYGEN PULP 

Physical Large Fraction Small Fraction 

Properties l Soda Pulp-
2/ t>xygen Pulp- Soda l Pulp- Oxygen 

3/ Pulp-

Kappa number 31.2 31.5 37.l 

Yield, "L 45.22 44.23 46.24 
0 sR 23.S 32.0 27.0 

Breaking length, km 6.66 4.58 5.06 

Elmendorf tear factor 108.5 53.4 93.S 

Burst Factor 41.5 21.5 27.1 

Brightness 26.5 38.0 28.S 

pH of waste liquor 11.2 9.6 11.2 

0 
l/ Soda pulp, 170 C, 26 1 rt, 3 hrs. 

~I Results from Table 3, Oxygen pressure at 120 psi, 1So
0 c. 

ll Results from Table 4, Oxygen pres~ure at 80 psi, 1So
0 c. 

34.4 

47.89 

37.0 

5.71 

43.8 

25.3 

33.0 

10.0 

r 
I 
I 
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At l~0°C cooking trmperature, Sollll' uncooked pulp was found in 
0 both sizes of the raw material. At 130 C and over, no uncooked pulp 

was noticed, but there were some unrefined fibres which could be 

taken as cooked, because thes~ fibres were sufficiently soft. 

3) Raw Material Size Effect on Pulp Quality 

The pulping result of the raw materi~l of both sizes has 

shown that under the same cooking condition the oxygen pulps 

0btain:.•d t rom both sizes had uniform Kappa number as well as 

similar quality. With an exception of the tearing factor, that 

of the oxygen pulp from the large sample was a little higher 

than from the small onr, depending on the composition of the 

kenaf ribbon and core. As mentioned in paragr~ph 2.1, the ratio 

by weight of ribbon to corr in "large fraclion" and "small fraction" 

is 0.7o:I and 0.27:1 respectively. Usually, the fibre of kenaf 

ribbon is lo~ger than that of the core, with the length of th~ 

former being about 2.2-3.00 millimetres while that of the latter 

being around 0.5-0.7 milliml'tr~s (Phoenix Pulp and Paper Co. Ltd. 

1975; Chu et al. 1Q7)). Thus, the large fraction whose ratio of 

ribbon to core is higher than the small fraction has better chance 

to produce higher tensile strength. 

This has attested Lhat the same pulp quality has been obtained 

by a thorough impregnation of chemical Shlution and oxygen as well 

as complete reaction in pulping of the raw material of both sizes. 

Ir is also seen that some non-wood raw materials, whose sizes are 

f<l be reduced for conventicna! chemical pulping, are not necessary 

I 'J bl• madP as :>mal I as woody chips, thus helpin.: decrease the energy 

consumption in •he procPssing. 

4) Qua Ii t y of Oxygen ?ul.£ 

This experiment was conducted by single stage oxygen pulping, 

thr result of which shows that though kenaf has better chemical 

impr<'gna: ion than wood its pulp quality has not proved very satisfactory. 

By propt•rc y <'omp11rison of oxygen pulfJ from kenaf as in Tables 3 and 4 
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Rice Straw 11 Bagasse !I Reeds~./ 
-< v. -&? 
r:-

Cooking Conditions 
.,, 
~ 

Cooking Stage Single Single !/Pre-impregnation 
.,, 
m 
:a 

""' before cooking -m 
C/l 

NaOH, "I. on dry basis of raw material 12 15 Sodium hydroxide 0 .., 
solution concen- 0 

>< 
t r11t ion of 4 •;. -< 

C'l m 
Oxygen pressure, psi 73. 5 73.5 73.5 z .,, 

""' Temp. oc 100 135 120 

Time to max. temp, min 90 90 60 

Cooking time, min 30 30 120 

c > I r:- CD -.,, 
~ a -~ I :a a-

i ' 

Cooking yield, "I. 64.0 67.0 46.2 :a -("') m 

"" Physical Properties ""' ~ 
Breaki~g Length, km 3.95 7. 10 6.07 c .. 
Tearing Factor 80.0 67.0 66,7 CD 

~ 
Bursting Factor 32.5 32.0 36.2 > 

"" "" m 
> z 

1/ El-Ashmawy et al. 1977 
0 

:a m 
2/ Results from TlSTR 

m 
0 

*I Preimpregnation with NaOH solution 4 "I. concentration, soaking for 1\ hours, squeeze until 

solution was 28 "I. con~ ltion disintegrating treat~d chips before cooking. 
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to that from rice straw, bagasse and reeds 6S in Table 6 (all of which 

are non-wood), it can be seen that kenaf reacts to the oxygen pulping 

in the least among these 4 non-wood raw materials. Generally, for a 

conventional chemical pulping, kenaf should yield the highest quality 

pulp because it has longest fibre. The normal length of rice straw, 

bagasse and reeds is 1.45, 1.70 and 1.0 millimetre respectively 

{Kamolratanakul et al. 1979). 

For quality test on all oxygen pulp samples, the experimental 

sheets have been made from unbeaten pulps to evalua~e their physical 

qualities. Table 5 shows physical properties of ~1nbleached pulp from 

both groups of the raw material, by soda cooking at 17o0 c conventional 

condition, for 3 hours, compared with those of oxygen pulp, cooked by 
0 the same chemical amount, but at lcwer cooking temperature of 140-150 C, 

and at same Kappa number between 30 and 40. The comparison result shows 

that oxygen pulp has more brightness than soda pulp while the breaking 

length and the burst factor of oxygen pulp are on the same level with 

soda pulp. The tearing factor of oxygen pulp is lower than that of 

snda pulp by almost one hundred percent. This indicates that the 

oxygen pulping reaction has greatly enfeebled the kenaf fiber strength, 

while 
0

SR of oxygen pulp is higher than that of soda pulp, which is 

considered anot~er short coming of oxygen pulp. 

Regarding the qualities of kenaf oxygen pulp at different 

oxygen pressures (Tables 3 and 4), it is found that the pressure 

has a great impact on both phy~1cal properties and ~rightness of 

the pulp. At oxygen pressure 80 - 120 psi at same cooking temper~ture, 

the physical properties of oxygen pulp are not much different, while 

the brightness is increasing with mounting pressur~. 

When oxygen pressure being increased to 140 psi, the oxygen 

pulp properties have clearly proved to be higher than when ~ooked 

at 80 - 120 psi, both for physical property and brightness. Hrwever, 

the increasing 0 SR is its drawback. 

0 
At over 130 C the pulp cooked at oxygen pressu1·e 140 psi would 

have low Kappa number that could be produced as bleached pulp, while 

the yield of which should not much reduce. 0 Except at 150 C temperature, 

the large fraction would produce yield under 40 %. ThP oxygen pulp 
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cooked at pressure 140 psi, though without beating, has been placed 

on the medium-high quality, particularly for its tearing factor which is 

higher than that cooked at under 140 psi by almost one hundred per cent. 

The physical propertie~ of the pulp are expected to rise up to high 

standard it passing the beating. 

~) Black Liquor 

The pH of black liquor from oxygen pulping values around 7 which 

i~ lower than that from non-oxygen pulping under the same cooking 

condition (Tables ) and 4). This indicates that it is easier for treat

nent of waste water from oxygen pulping than from soda pulping. 

CONCLUSION 

The experiment rest•lts can be concluded as follows: 

I. Kena( oxygen pulp produced by single stage oxygen pulping has light 

colour which is considered an advantage. The pulp quality ranges from 

medium to high while its yield accounts (or 43.51-48.87 %. 

Oxygen pressure bears a great effect on oxygen pulp quality. Under a 

pu~ping condition at oxygen pressure 140 psi and 130 - 140°C, the 

oxygen pulp would have high quality both in physical properties and 

brightness, that can be produced into high grade pulp. Physical 

properties and brightness of the said oxygen pulp are shown in Table 7. 

2. When pulpPd to the sa~e Kappa number, the yield of oxygen pulp 

will be the sam~ as or a little higher than that of soda p~lp, while 

the brightness of the former is more and its energy consumption is less 
0 than the latter. However, SR of the oxygen pulp is higher than that 

of the soda pulp. This means that for the same production capacity 

of paper the oxygen pulp would require a larger paper machine than 

the soda pulp. 

). Though the medium-high qual~ty pulp could be obtained from single 

stage oxygen pulping, the pulp has not bePn perfectly uniform. The pulp 

should be more uniform by two-stage pulping or by applying pre-impregnation. 
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THE NACO PROCESS 

- A SELECTIVE PULPING PROCESS FOR ANNUAL FIBRE RAW MATERIAL 

by 

T. Franzen 

THE NACO PROCESS FOR ANNUAL FIBRE RAW MATERIAL 

Sunmary 

This report shall br seen as an intermediate report for a project 

in Foggia, Italy, where the first Naco process is involved. Today 

the new digesting plant based on the Naco concept has been in op~ration 

for some eight months. The new digesting plant is designed for a 

production capacity of 100 ADMT/24 h. The production capacity of 

today is by means of a too small paper mill limited to around 80 ADMT/24 h. 

The pulp properties from the chemical pulping of wheat straw 

are well comparable with the corresponding pulp properties from sulphate 

digesting of Birch or Eucalyptus, why we today dare to say that there 

are new possibilities to produce excellent pulp from annual fibres raw 

material. 

Later the new recovery system will be started and the total Naco 

process will be tested. The recovery system is delivered from Lurgi, 

West Germany. The recovery system consists of an evaporation plant 

and a recovery boiler, where the liquor f ~om the new Naco pulp washing 

plant will be first evaporated and then burnt in the recovery boiler 

and Na
2
co

3 
will be recirculated to the digesting plant. 

Later a new bleach plant will be built based on the Ozone bleaching 

technique. In Foggia a new concept for Ozone bleaching has been tested 

in a pilot plant, which now is ready to be evaluated in a new production 

plant in Foggia. The nr.w Naco pulping technique means a process almost 

completely free from pollution problems. The environmental regulations 

in Italy have forced the new technique and it has for Sunds Dcfibrator 

been a big challenge to participate. 
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GOAL AND SCOPE - FOR THE DEVELOPMENT OF A NEW 
DIGESTING PROCESS 

For many years Sunds Defibrator had been looking for a new 

process for chemical pulping of annual fibre raw material. In 

the beginning of the 1980's a CQ-operation agreement was signed 

to try to develop a new idea emanating from Hr. Franco Nardi and 

his technical group in Italy. 

The following scope was formed to be the goal for the new 

chemical pulping process of different annual fibre raw materials: 

Produce a good chemical pulp from annual raw material 

Best chemical pulp and paper properties 

Small pollution load (no sulphur and chlorine involved) 

Simple process technology 

Usable for different types of raw material 

Low in investment costs 

Low operati0nal costs 

The new pulping technique was meant to be based on using 

of th~· new turbo-pulper desigoc•d by Mr. Franco Nardi. 

Only a small amount of NaOH should be added to the turbo 

pulper together with the straw, while Na
2
co

3 
should be recovered 

and reused as alkali together with oxygen (0
2
). The 

need of N;10ll should only replace tht> actual Joss of digesting 

chemicals (from digesting, washing, evaporation and recovery 

boiler), while Na 2co3 should be recycled from the recovery system 

separated from Si03 and orftanic matt>rial. 

Tht> first step was to build a "Laboratory Turbo pul?er" in 

order to measure all basic parameters needed for future calculations 

of tht.· new pulping process. The first "Laboratory Turbo pulper" 

(st>e fig. 2) was built and placed at the IPZS pulp and paper mill 

in Foggia, Italy. The lPZS in Italy were also willing to finance 

some parr of thl' project in order to define a new process, which later 

could r<'pL11P the t>xlsting old systt>m. 
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TEST AND TRIALS 

The first thing to study was the correlation between pre~sure 

and temperature by opl'ra!.ion with NaOH and o2 in combination, when 

the first trials had t;> be made batchwise. Fig 3 shows how the 

pressure develops as .1 function of temperature and time. 

Ahl'r [hat a number of tests with whl'at straw was dont.• in order 

to optimize the pulp properties against the need of digesting chemicals 

(from th~ beginning NaOH and oxygen) and digesting tempt•raturt•. 

Fig. 4 shows how the relation between Kappa number and 

charge ot NaOH, when 23 - 25 4 Na
2
co

3 
was mixed into the pulping 

solution. At a Kappa number ot 15 - 18, the charge ot caustic sod~ was 

found to be in the regiono( 6 - 8 4. This chemical balance point 

ha~ later been found to be very sufficient. 

In fig. 5 the rel at ion between 1 ignin content expr('SSPd as 

Kappa number and pulp brightness is shown. From the figure can 

be seen that straw pulp of a Kappa number of 16 - 18 gives a 

brightness of 40 - 50 % ISO. It is also noticeable that the Kappa 

number below 20 gives a high increase i11 brightness. As can be 

seen from the diagram in fig. 6, the pulp strength as tensile index 

and tear index, is not tremendously sensitive to the delignification 

degree (.X- No). The level is acceptable also ~t Kappa numbers as 

low as 10. 

PILOT PLANT 

Based on what was found in the Laboratory unit, a new 

continuously working pilot plant was built. The turbo pulper 

was given a diameter of 1.5 m and designed for the same temperature 

and pressure as the earlier one. The system (see fig. 7) was designed 

for a pulping production of around 5 ton/24 h and equipped with a 

small disk refiner of straw and a monopump as feeder of the straw, 

chemicals and dilution water to the turbo pulper. Chemicals were also 

foreseen to be charged directly to the turbo pulper. For rotation of 

the solution, the turbo pulper was equippt>d with a mixer in the bottom, 

forci~g the pulp to circulate. The idPa was to force the nxy~en to 



-170-

react very last with the pulp in the turbo pulper in order to speed 

up the delignification work and oxidation of the liquor. 

After the pulper the pulp is pumped over to a reactor, where a 

small linal delignification will take place with o
2 

during slow 

rotation via a mixer in the bottom of the reactor.· The Kappa wi II 

only be some 2 units lower than in the reac.:tor • From the reactor the 

pulp will be blown over to a blow tank of standard type. 

In fig. 8 is shown that the results from continuous operation 

are better than the correspoi.Jing ones from batch digesting. The 

•'nly way to explain the higher total yield at the same X - No, 

better pulp properties, lower reject flow etc, is that something 

very special was developed. 

Tht• explanation was latt•r expressed as 'a new selective digester". 

This selectivity means that all particles (see fig. 9) undependent 

ol size will be in the mixture of digesting chemicals and oxygen at 

;1 certain pressure and temperatun., the neces:;ary '· ime
1 

in order to be 

almost finally digested. As the time in the t~ruo pulper will not be 

100 % right for every single fibre, rhe whole fibre flow will be 

pumped over to the static o2-reactor, where lhe final delignification 

will take place in order to get an almost constant X- No. in the final 

pulp production. 

This selectivity can be compared with the non-selective 

digesters, where all chips must have a uniform size to get good 

pulp properties at a certain time in the digester. This uniform 

parti~le size can never be reached with straw, and therefore the 

digester has to be selective. 

Even other types of annual raw material have been tested in 

the turbo pulper as bagasse rice straw, saw dust and waste from 

l('raft and corrugated mediu~. In fig. lo the resul~s of a test 

with bagasse are listed. As should be noticed the bagasse raw material 

was unbeaten and even undepithed, which is the E'xplanation for lowdrainagc• 

resistence ( 0 SR 22). 
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Based on the received results from the trials with the Pilot 

Pl .t, it was decided to build a full scale production line for 

straw pulping at IPZS in Foggia, Italy. 

RESULTS FROM OPERATION OF TH[ NEW PRODUCTION LINE IN FOGGIA 

Since the beginning of 1q35 the new Naco pulping line has 

been in operation on wheat sLraw in Foggia, Italy. From the very 

beginning the production capacity was 40 - ~O t8DP/24h and has 

since September been over 75 t8DP/24h. For the moment it is 

impossible to increase the production more, as the paper machines 

cannot take more. For the mome•at the only digesting chemicals 

used are NaOH and o
2

• After new year 85/86 the recovery system 

will be started and put into operation and the tests with Na
2
co

3 
will be started. 

Produced pulp is today bleached in a 2-step NaOCl bleach 

plant before entering the paper machine system. 

In fig. II the flow sheet of the new Naco digesting system 

in Foggia is shown. The pretreatment or depithing system is built 

as a wet system, where straw is mixed with water and some soda in 

an ordinary open pulper in order to remove wax etc. The straw is 

then separated from stones and sand in a cyclone separator. The 

straw is then f~d to a washing and dewatering screw, where fresh 

water is showered over the straw. Finally, the straw is dewatered 

over a DKP-press. Washing efficiency is calculated to be ~round 50%, 

measured on the silica content. 

Before entering the Naco pulping system the straw is passing 

a Sunds Defibrator Refiner machine, "'here knots are destroyed to 

a certain level. (Disc clearance 2 nm). 

The straw will then be pumped into the pressurized turbo pulper 

and reactor system as the earlier described. The pressure in the 

system;6 bar, and the temperatur~~l35<f. 
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In tig. 12 is shown the actual conditions measured trom the 

Naco di~esting pla~t in Foggia per September 30, 148~. The figures 

still correspond verv well to the first tests, made in the laboratory 

rest unit. 

In tig. 13 the pulp properties of unbleached Naco digested 

pulp are sho•1n, whiLh r.orrespond very well to what was received 

from the test runs in the Pilot plant. 

The produ~tion system is today equipped with a heat recovery 

system installed for the blow steam, where all needed fresh water 

is heated to around 9o0 c. The pulp 's then finally washed over a 

twin roll press, whe~~ the washing e~ficiency is above 90 % and 

hot water is used as wJshing water. 

Some troubles with incr:1stations in the washing press hdve 

caused operational problems. The press has to be stopped and 

washed with arid and high pressur~ cleaning water. Today some 

small amounts of soda are added, which have decreased the problems. 

Si~ce the start-up of the pulping process in the beginning 

of the y~ar, the ~tated pulp production has been kept within stated 

guarantee limits from the contract. Only small failures in the 

machinery have stopped the production at a few occasions, and 

therefore we have to say that the start-up of the new system 

has been very successful. 

OZONE-BLEACHING 

During the last three years, tests have even been made with 

different conditions of ozone-bleaching. From the literature could 

be found that ozone-bleaching should take place at low pH and high 

pulp consistency. These conditions are bad for the Naco system 

and annual fibre material, so o~hPr conditions had to be found. 
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The Ii 1·~1 t•'St w,ts dl'IH' at high pulp Cl'nsistt'n'-·y ,t;id at 

a pll ,,f ). ·,. Latl·r snml' comparabh• tt•st Wl'fl' madl' at a pH '-'l 

8.4. Tlw st raw w..ls rircul<>tl'd in an atmospht•rt.• of ozone and 

''xygt•11 in a circulating pipe svstl'm. 

BIP<lchin~ results a·e shown in lig. 14 and tl'll us that 

low pll is n•'t m•ct•ssarv to use. Other problems were thC' high 

drynPss of the pulp which was SC'tting thl' pulp on fire rather 

ln'qm·nclv. Sn an1,thC'r pilot tor low consistency and high pH 

w.·s_put in opt'ratinn (st't' fig. 15). The tests were donC' in the 

I irsl turbo pulp<'r built for laboratory trials which now was 

r~~uilt and complC'ted with a small ozonizer, for a production 

of o] gas from 02. 

ThP oznnC' consistency in oxygen could be ~roduced up to 

b-7 \ whilP max ozone consistency made from air could be up 

10 4 ~. Electrical consumption when producing o
3 

from o
2 

was 

mc·asurPd to 11 kWh/kg o
3

• 

In the nPw ozone blC'aching turbo pulpl'r tests havl' been 

c,;:-rit•d out wich high pit and low pulp consist~ncy and at a 

pulp lt>mp1•rar11n• nf 20 - 41°c. The blC'aching conditions and 

n•cpiv1•<l pulp p:·npert it•s are shown in fig. If>. 

NEW O~-HLEACll PLANT 

f\.l';!'d nu ~arril•d out trials, Sunds Dt'fibr;ir.11r will \t•ry 

o;n,,n b<' pn·part•tl to of fc•r c' plC'tc• 0
3
-blt•ach pJ;rnts. Ttw 

cl1'sign will hi' as showri in fugure 17. First thP pulp has re b:-

-
0 c· f h I . _,, , ;1 t!'r LP wasnng prC'ss ro 

In •1r rl1•s1rih<'d sq)ur ion rhis is thought t.i tw d<>nl' hy adcli.1g 

f rc•sh wa11•r in! 11 r ht• pulp al I c•r t lw dewar i·ring prr·ss. J\s r lit> 

di J ur ion wi I; gll clown Ill .q,pr O'<. ) • ') ',:, t iw pt1 Ir i <, sup:,g<•!;[ pd r 0 

be furrhc•;- dil11rt><l r.· I - I.~:. wir~. r·irc11J;ir ir•g 1 •• 11.·r. Ar 

r h1·s1· < nndtr i"11s r h<· pulp wi 11 .Jt' s< n•<•rw<I 11vc·r pr<";•.i1r i v·d 

p11 ! I· 
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consistency will then be fed by an ordinary centrifugal pump to the 

bleaching turbo pulpers. The pressure in the reactors will only be 

the static pressure of the pulp column. And therefore the pressure 

of the oxygen to the ozonizers only have to be some l bar over 

pressure. 

The total retention time over the reactors will be some 25-30 

minutes dnd the volume will be divided in two units in s~ries and 

the pulp and ozone in counter-current. 

Residual oxygen will be relieved from the turbo pulpers 

and then dewatered and compressed to 6-7 bar before being reused 

in the digesting turbo pulper and reactor as earlier described. 

The bleached pulp will finally be dewatered over a washing 

filter before leaving for the paper mill or drying machine. 

The final brightness after the o
3 

bleaching will not be 

higher than 75 % ISO, and therefore, if desired, the pulp has 

to be &trther bleached with H
2
o

2 
or NaOC • 

RECOVERY SYSTEM 

The total Naco-system even involves a total chemical 

recovery system, where spent liquor from the pulp washing plant 

first will be separated from so~id silicates and other 
solid chemicals. After the solids separation of the 

materi3l, the liquor will be evaporated to around 48 % and then 

finally burned in new way 1n a recovery boiler with~ut reaction 
bed. 

From the recovery boiler green liquor will be recovered 

as Na 2co3 , which will be reused in the digesting plant. Remaining 

silicates will be separated by mixing the black liquor with Ca(OH)
2 

which in the drainage tank after the boiler will be separated as 
sludge. 
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The total system is shown in enclosed block diagram. The 

system shows the entire syst~m in balance. There will also be 

some flow of sludge from the recovery boiler, some effluent flow 

from evaporation plant and some flow of washing water from the pre

treatment and bleaching plant. 

There will only be a limited pollution load compared with 

other straw pulping processes. 

CONCLUSIONS 

In the field where Sunds Defibrator AB is involved in the 

fibre line, results obtained up till today, confirm that the 

pulping process meets the demands of the pulp industry. Plants 

based on the presented pulping process can be built: 

with relatively small capacity and are not creating 

logistic problems in supplying non-wood fibre raw materials; 

with an acceptable capital investment level, including a 

full chemical recovery system; 

with a minimum of impact on the environment. 

The Naco process can be used for treating a wide range of 

raw materials. It is obvious chat we have now shown that the 

process will contribute to the economical production of pulp 

and paper from raw materials maintained in this report. 
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T•ltl. 

Collt..Uluocw -"l&t "-'- ,..tphl9 .U. tllt NAC:O ,U.Ot pta...t 

Re1ct1l·n temperature OC : 135 

Oxygen pressure blr : I 

R12C03 (on b.d. straw) I : :u.3 
• I 

I -
WION (on b.d. straw) I : 5 1 c:... 

N 
I 

MgC03 (on b.d. str1w) I : , 
Kappa number No.: 22 ,, .5 

Brightness (unbleached), ISO I : 46 59 

0ra;~1ge resistance OSR : 27 26 

Tensite index Nm/g : 53 66 

Tear indeJt mN•m2/g : 4.6 &. , 

Burst index ICP1.m2/g : 2.9 3.5 

• 
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Fig. 12 

Res-..lts from practical operation of ~ Raco Straw Digesting 
Plant at Polygrafico. Poggja. per September JD. 1!85 

Range Average 

Pulp production 50-85 75 ton BDP/d 

Straw consumption 145 ton BDP/d 

Yield 52 ' 
It-No 15-24 18!2 

Brightness 38-54 40-47 •ISO 

Na OR-charge 220-290 265 kg (1001 NaOB)/ton BDP 

02-charge 140-200 160 kg 02/ton BDP 

Na2C03-charge not yet started 

Stear consumption 1.0-1.6 1.• ton/ton BDP* 

Water consumption 8-20 11 al/ton BOP 

• 

• 
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FIG 16 ._, Ol(lf[ - BLEACHll6 TESTS 
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DIRECT ALKALI RECOVERY SYSTEM (OARS) 

by 

Messrs. Matthys and Covey (BABCOCK & WlLCOX) 

DIRECT ALKALI RECOVERY SYSTEM 

The Direct Alkali R~covcry System (OARS) is a new method of 

chemical and energy recovery for soda or soda-anthraquinone black 

liquor. Invented in 1976 by Toyo Pulp Company of Japan and tested 

in pilot operations for two years by Australiar. Paper Manufacturers, 

the proct>ss has now been I icenscd to Babcock ~ Wilcox (USA) for sale 

of COlllllK'rcial units. B&W has an agreement with the Sprout-Waldron 

Division of Koppers Company, Inc., for the supply of process equip

ment systems for DARS units. 

The process, shown below, burns bla·:k I iquor in a fluidized 

bed of f,-.i:-ric oxide (Fe
2
o

3
) to co.bust t~1e liquor organic.s and 

cause iche the sodium directly by formint sodium ferrite (Na
2
Fe

2
o4 ), 

a h;~h llll'lring point solid. No rAOlten smelt is fcrmed. The Golid 

bed ~roduct is rooled by contact with incOtPing combustion air and 

then leacht•d with water to form high quality white liquor and to 

regcnt>ratt• ferric oxide for recycle to the furnace. Dust collected 

from the boiler flue gas is ahaost entirely sodium ferrite fines. 

which art> agglc!IK'rated and returned to the fluid bed to 1113Ximize 

sodium rN· ove ry. 

Features 

- Up to qq 4 soda recovery 

- White liquor causticitil's up to 94 t 

- NaOH concentrations up to 100 grants/litl'r 

- Low c-mi s11;ions 

- I.ow corrosion 

- No supplemental fuel except for srart-urs 

- No smrl r for rxplo!>ion hazard. 
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There are essentially no uncontrollable losses from the system, 

except for a small stack loss, which can be minimized by proper selection 

of dust collection equipment. This results in a closed system with its 

benefits of low makeup chemical req·1ire'11ents, low process warer usage. 

and low effluent treatment costs. However, non-proLcss elements (NPEs) 

entering with the woo~ and make-up chemicals will have a tendency co 

build up, as would be the case in any closed system. Soluble impurities 

may be remo,,ed by a cold water leach (below the hydro I ye; is temperacurt•) 

of the sodium ferrite bed product. Non-soluble impurities may be 

controlled by batch disposal of a ~mall percentage of the recycled 

materia 1. 
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Energy Efficiency 

Because the sodium ferrite formation reaction is endothermic 

(energy-absorbing), the net thermal efficiency of OARS combustion 

is one or two points lower than conventional recovery. However, 

this energy deficit is more than 111ade up for elsewhere in the mill. 

First, therr is no li111e kiln auxiliary fuel consumption. Second, 

with continuous digestors, heating steam consumption is lower due 

to thr higher white liquor concentrations. Third, evaporation 

no grern liquor heating steam is required. These savings add up to 

dn overall energy efficiency in favor of OARS r~covery. 

Safety and Flexibility 

The D~RS combustor makes no smelt, so there is no risk of 

smel~ water reaction with its often disastrous consequences. 

Also, the fluidized bed operates under completely oxidizing con

ditions, which, coupled with the absence of sulfur from the system, 

minimizes corrosion problems. The absence of appreciable levels of 

sulfur also results in the ability to cool flue gas~s more than would 

be the case if acid dew point concerns existed. This means more high 

pressure steam energy from the flue gas is possible. 

The fluid bed c~n burn black liquor from concentrations as low 

as 35 % solids. Higher calorific heating value and percent solids 

liquors are combusted by deployment of boiler ~r superheater tubes 

in the bed for excess heat removal. This method of he1t absorption 

results in lower total boiler surface requirements due to the high 

heat transfer coefficients typical of in-bed tuhes. And tube 

erosion can be controlled by applicatio~ of pin studs, thus prolonging 

in-bed tube life. 
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DARS - FLUIDIZED BED RECOVERY AND CAUSTlCIZING FOR SODA LIQUOR 

Abstract 

The Direct Alkali Recovery System (OARS) offers the user the 

beneiits 0£ simplicity, economy, and minimal environmental impact 

in recovery of energy and cooking chemicals from soda black liquor. 

White liquor of up to 94 % causticity and 300 grams per liter NaOH 

can be generated. The first step in the process is fluidized bed 

combustion of th~ liquor organics in the presence of ferric oxide, 

forminJ sodium ferrite. Soda recovery is completed by a leaching 

stage to generate white liquor from hydrolysis ot the sodium ferrite. 

Capital and operating costs are lower than conventional sod2 recovery. 

Ti'.e lndust ry Di lemma 

Since the early 1930'~, when the advent oi the modern water 

wall Kraft recovery boiler enabled efficient recovery 0£ heat and 

chemicals from black liquor, Kraft pulping has rocketed to a position 

of overwhelming dominance am0ng wood pulping processes in current 

use (Fig. 1). But today's economic, social, and political environmen~s 

are ~ausing the pulp and paper !nd~stry to look !ong and hard betore 

conwnitting valuable capital Lo new and replacement pulp production 

capacity. Hatics (1) and Hatton (2) report that softwood rcser~es 

arc declining, and hardwoods, while plentiful, remain a relatively 

untouched resource. World-wide, non-wood raw materials such as 

bagasse, straw, bamboo, rice ~ulls and kenaf are in abundant supply. 

The pulp and paper industry of the 80's and beyond will continue to 

use processes that produce high yield pulps without sacrificing quality, 

but the successful realization of this objective will be hampered by 

concern over the high cost of pollution control, auxiliary fuels, 

labor ar.d capital. Incremental additions to capacity, as well as 

replacements of relatively small production lines, will cc the rule, 

and theretore a more economiC6l process in these small sizes (50-600 TPO) 

will be required. 
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Kratt pulping, in the long term, wiil not provide ar. acceptable 

response to the probl~ms facing the pulp and paper industry. Kraft 

mills are expensive, and m~st be built in very large capacities to be 

econcnic. Lime kiln auxiliary fuel consumptian adds significantl.y to 

the over:?!l p•·<>duction cost. Sulfur in the cooking liquor results in 

high costs for e~ission control and maintenance due to corrosion. 

High operating and maintenance costs are ~h~ direct result of a complex 

and relatively ir.f\exible chemical recovery system. A re~overy furnace 

explosion from water entering the smelt bed can put a boiler out of 

production for weeks. Finally, keeping the recovery boiler on line at 

rated capacity requires high sootblowing steam consumption and periodic 

0utages for water washing, both of which add significantly to the cost 

of producing pulp. 

.. :1 i ... 
~ 
:i 20 
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g 
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Why Soda/Anthraquinone with OARS? 

Soda/AQ pulping with Direct Alkali Recovery System (OARS) heat 

and chemical recovery is the first technically feasible, economic 

process to come along which overcomes most, if n~t all, of Kraft's 

problems (3,4,)). Compared to Kraft and soda with conventional 

recovery, soda/AQ with OARS offers the potential not only for smaller 

minimum eco~omic size, but also for lower initial capital co§t in 

most size ranges. Lack of significant levels of sulfur in the liquor 

results in lower emissions and negligible corrosion dam~ge to recovery 

and caust ir izing equipment. Jperat ing and r.1aintenancl? costs are lower 

1ue to the inherent simplicity of the system an~ the fact that on-line 

operation requires no auxiliary fuel consumption. Higher white liquor 

causticities (94 % for OARS vs. SS% for conventional recovery) and 
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higher active alkali concentrations (300 grams per liter as NaOH for 

DARS vs. 150 grams per liter for conventional recovery) results in 

lower inorganic dead load and lower evaporator steam c~nsumption. 

The DARS also permits greater turndown r~tios, greater stability and 

toler~nce of upsets, and, best of all, no risk of smelt-water 

explosions in the black liquor combustor. Finally, soda/AQ with 

OARS re~overy is well-suited for utilization of hardwoods and some 

non-wood species, as the pulp properties are very close to those 

achievable with Kraft. 

What is Soda/AQ? 

Anthraquinonc (A~) w?.s first proposed as an additive for 

alkalin~ pulping in 1977 by Holton (6). While applicable to both 

sulfate and soda pulping, the greatest relative benefits are for 

the latter, as shown in Fig. 2 and Tables 1 and 2. These r~sult~ 

~re based on unpublished tests by Head Corporation, which began 

using AQ :nits Kingsport, Tcmessee bleached printing paper mill 

in 1977 (7,R). Associated Pulp and Paper Hills, Ltd., Burnie, 

Tasmania, Australia, is also using AQ to improve rate and yield 

on eucalyptus pulping (9). Virkola (10] reports that AQ is 

attractive as an additive to circumvent some product ion bott_lenecks 

situar. ions, but that the current cost of AQ precludes its wide

spread US" in alkaline pl'lping operation'i with con\fentional (high 

cost) recovery systems. 

Soda 

Soda/AO 
3.8 .. 

fil- 2 Yield '"''••~ by AO add•llon 

Kraft 
Soda Only 
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The OARS Process 

The OARS was invented and patented in 1976 by Toyo Pulp of 

Japan (11). Subsequent improvements to the process involving use 

ol a fluidized bed for black liquor combustion and cold ledching 

tor impurity removal were developed by Australian Paper Hanufacture.-s 

(APH) of Melbourne, Victoria, and patented in 1980 {12). APH and 

Toyo have since licensed manufacturing rights for equipment utilized 

in the OARS process to Babcock & Wil~ox. 

, ..... 1 , ..... 2 
Comparison of Typical Pulpi111 ConditionS Comparison of Typical Pulp Fropefties .. lm!M .... 

'Ill Active Alkali <as NaP> 20 17 17 J!d! 
'Ill AQ (dry wood basis) 0.1 Tensile (m) 5750 

'Ill SuHidity (AA basis) - 30 Burst factor 38 

Top iemperature (•C> 167 167 167 MIT fold no 
H factor 2400 1500 1100 

Yield ('t) 43.0 46.6 46.4 •300 csr. Mil'ed HardwOOd 

Permanpnate No. 12.0 12.0 12.4 

In the process shown in Fi,. 3, black liquor trom soda pulp 

is burned with coarse (l-Jmm) particles of hematite (Fe 2o3) in a 

fluidized bed combustor. Acceptable liquor firing concentrations 

can be as lo~ as 40 % solids, with higher levels requiring deploy

ment of boiler or superhcater tubes in the bed for excess heat 

removal. The organics combust, and the residua' sodium carbonate 

reacts with ferric oxide to form sodium ferrite, thus: 

Flue gases pass through a waste heat boiler and gas clean 

loda!MI 
6200 

46 
170 

up device (usually a baghouse or multi-clones and a wet scrubber), 

where entrained dust (predominantly Na 2Fe 2o4) is removed and 

agglomerated prior to reinjection into the fluid bed. With extremely 

low sulfur levels in the flue gas, cold end corrosion is not a problem 

even at very low exit gas t~mperatures. Consequently, more sensible 

heat can be extracted from the gases and higher efficiencies can be 

.:ichieved. 

.... 
6150 

42 
180 
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The solid bed product, consisting mainly of sodium ferrite 

and excess (unreacted) ferric oxide, passes thr~ugh a second 

f iuidi.zed bed which acts as e1 sol"ds cooler1combust ion air pre

heater. 

In most cases the entire bed pro~uct passes lo the leaching 

system, but occasionally there may be a need to remove non-process 

elementa (NPE's) that have entered via the wood or make-up chemicals 

(note that sulfur buildup from burning fuel oil should not be a 

problem as the only oil used would be for startups). This is 

accomplished by further cooling a side stream of the bed product 

and washing same with relatively cold (approx. Jo°C) water in 

order to dissolve soluble NPE's without causing hydrolysis of the 

sodium ferrite. 

All the sodium ferrite is then hydrolized at 9o
0 c - loo0 c 

in a counter-current fashion to recover the sodium hydroxide for 

white liquor and to regenerate ferric oxide for recycle to the 

fluid bed: 

Reaction (2) is exothermic, and therefore it is not usually 

necessary to provide additional heat to maintain the ~eaction at the 

desired temperature. Leaching at a lower temperature has no deleterious 

effect beyond reducing the leaching efficiency. The system is capable 

of producing white liquor of up to 94 % causticity and 300 grams per 

liter NaOH, which means lower inorganic dead load and less water to 

heat in the digester and evaporate from the black liquor. However, 

the system is flexible enough c~ produce higher or lower concentrations 

if preferred. 

Host of the ferric oxide is recovered and recycled with essentidlly 

no change of particle size, but a small proportion forms fines which 

~ust be removed from the sodium hydroxide by centrifuging. Fiocuiation 

and sedimentation (or filtering) can be used if the NaOH concentration 

is kept below ca. 150 grams per liter. 
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APH conducted 2\ years of pilot scdle tests starting in 1980. 

During this period the process was thoroughly examined and several 

variations of both central and auxiliary systems tested. Details 

of the pilot plant are reported by Covey (13). 

Overbed 
Feed 
Bin 

Make-up Ferne Cbide 

Fluid Bed 
Combustion 

fluidBed 
Cooler 

Forad • ~----""'" 
Drllll 
fan 

Ferric Cbide Reqde 

·----.. 1 

14-----------------; 1.eac.".;; 

White Liquor __ ... 

Sodium 
Ferrite 

Dust 
Calledor 

To 10 Fan 
and Stack 

Sodium 
ferrite 
Oust 

Aglomeration 
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What about Cost? 

In order to demonstrate the cost savings achievable with the OARS 

over conventional recovery, a comparison was made based on a 200 ODT/day 

(unbleached) pulp mill. Process schematics for the two systems are 

shown in Figs. 4 and 5. Table 3 gives aP analysis of the steam and 

power balance which results from consideration of two alternatives 

for resolving the differences in steam and power production and 

consumption. Table 4 lists significant operating conditions and 

dSSumptions made for the conventional recovery and two OARS options. 
Data from Tables 3 and 4 are combined to yield the operating cost 
estimates given in Table .. Note that savings in purchased items Jo 

(aux1 liary fuel and make-up chemicals) constitute about 80 % of the 

aggregate cost savings of roughly $ 38.00/00T estimated for each 

case relative to conventional recovery. 

Available costing data for DAR Systems indicates a capital cost 

for a 20IJ TPO system to be in the range of $ 10 - $ 15 million, 

subject to site variables and scope of supply. Capital cost estimates 

obtained on conventional soda recovery systems were widely divergent, 

owing primarily to the lack of recent data for soda mills of this size 

range. However, the $ 10 - $ 15 million estimate for the OARS is in 

the lower range of conventional system estimates, and is roughly 

20 % below the average of the estimates for the conventional systems. 

Westling and McKean (14) found that OARS capital costs would be 

roughly 30 i lower than a comparable Kraft pulp mill, based on estimates 

for a 1000 TPD installation, a conclusion that corroborates at least 

the direction and order of magnitude for expected capital cost savings 

of the OARS over conventional soda recovery. 
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TIM93. 
Steam.,.,~ Balanee (Basis 1 oor• Brown Slock) 

DAIS 
c.c ....... 
.. c •• C.. l• 6 C..2+ 

S1eun Cewcillla1 (lia!ODT) (I030 ..._ 4MC> 
RecOlletY Boiler 4567 4422 145 4422 
Power Boiler(s) Base Base -0- -687 

sewn CWun4•• r (I030 ..._ 4MC> 
Rec Bir Sootblowers 454 -0- -454 -0-

NlllH.P .......... ,...._ 4113 4422 •309 3735 

EdNction .._. (IUSW.) 
B.L. Heaters 76 -0- -76 -0-
Steam Coil Air Huter 429 -0- -429 -0-
Dcester 1711 1740 •29 1740 
Smelt sNtter Jets 125 -0- -125 -0-
Process Base Base -0- 8me 
Total 2341 1740 -601 1740 

ElllKtien ...... (275 ~) 
Evaporators 16G2 1380 -282 1380 
Oeaerator 320 309 -11 309 
G.L. Heaters 136 -9- -136 -0-
Ferne Oxide Dryer' -0- 204 •204 204 
Process Base Base -0- 8me 
Total 2118 1893 -225 1893 

......... Cand91_ -345 789 •1134 102 

ElectridlJ ........ (lmll/ODT) 
1035 kPa Extraction Base -56 
275 kPa EatrKtion Base -31 
Condensine Base •272 
Total Base •185 

•C... I: Constant power boiler stum pneration 
c... 2: Constant net electricity pneration 

•Oven-dry ton (2000 lb) = .907 metric ton 

What Does the Future Promise? 

In a 1981 Tappi editorial, J.n. Kramer of St. Regis concluded, 

"Clearly the leaders of our indust r:y are committed to extend the 

dominance of Kraft pulping, at least through 1985". (15). Industry 

planners in 1985 have indicated little propensity to deviate from 

this strategy. 

However, the economic, social and political realities facing 

6 

145 
-687 

-454 

-378 

-76 
-429 
•29 

-125 
-0-

-601 

-282 
-11 
-U6 
•204 

-0-
-225 

•447 

-56 
-31 
•107 
•20 

the industry in 1985 cannot be ignored. Increased pressure to reduce 

capital and operating costs, adopt environmentally acceptable processe~, 

and assure long-term resource and energy availability, is forcing a 

r~-evaluation In the pulp and paper industry. Increased usage of the 

'Jarious mechanical pulpi; (CHP,CTMP,THP) i:; an indication of the industry's 
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effort to squeeze more paper out of a tun of wood withQut sacrificing 

ouality. Soda/AQ and &ARS recovery, with its advantages of re~uced 

costs, reduced emissions, and increased operating flexibility, will 

take its place amung rhe various sol~tions to ~r~ft's problems selected 

by the pulp and paper industr over the next decade. 

9 
----MllieupW. 
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' • 
) TIM94. 

Opeqlwic Co111M10111s 

Ct ......... DAIS ... ..... -.c..., C-1 C-2 

.... Output OOT"IU, 200 200 200 
AD•1,_ 69.800 69.800 69.800 

Wood Species Mae.tHW 111-edHW llasedHW 

Yeild " 48 48 48 
W.L Causticaly ~ 87 94 94 
W.l Concentration plNaOH 150 300 300 
Am Sturn (1035lh) lr&fOOT 2341 1740 1740 
Aull Steam (27511Pa) .. 1001 2118 1893 1893 
Candenser Slam 11&1C:>T -345 789 102 
$learn To l urbine lr&/001 Base •309 -378 
Power~ kwh/001 Base •18S •20 
Power Consumed kwh/001 Base •20 •20 
Net (apart Power kwh/001 Base •16S -0-
Aull FUPI (lime Kiln) k.11001 3.6ld0° -0- -0-
Process Water U001 13.SOO 12,000 12.000 
Malle-up Caustic lr&/001 10 9 9 
Mau-up Ferric Oxide lr&fOOl -0- 11 11 
Malle-up lime lr&/001 25 .().. -0-
()&fl. labor rnh/001 .72 .48 .41 

•0ven-c1ry "3f1S (2000 lb) • °" moist.ft 
+Air-dry metric tons (1000 .., ... l°" moislure 

, ..... 5. 
OARS Coll Summary ($/<JOT•) 

...... c... ... C-1 C..2 

Au1iliary Fuel $7.60110°J -?'J.27 -2927 

Generated Power $.024/kwh -395 -0· 

Generated Steam $4.41/lOOGq ·O· -3.03 

O&M ManpcMer $15/rntl -360 -360 

Make·up Ctlemiafs 

Caustic: $154/IOOOki -.13 -.13 
Lime $831 IOOOka -2.10 -210 
Fel.>a $83/JOOGq •.94 •.94 

ProcHsWater $40/l0
6
L -06 -06 

l olal S.W."1" 53817 $37 25 

•()wen dry Ion (2000 lb)• .907 metrtC ton 
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SH.ltA JN PLANTS 

-.lOb-

DESILICATION 

by 

Hr. P.F. Bleie~ 

Host types of wood - all species useful tor fib£~-making 

contain only very small amounts of silica - l~ss than 0.1 4. 

Grasses, however, even those with a high degree of lignificatio~ 

like all types of bamboo, tak~ considerable quantities of silica 

from the soil, - usually a few percent of their dry weight with 

a maximum in rice straw that can contain over ii 4 depending 

somewhat on variety and on soil. 

Very primftive plants like lichen are known to be able to 

attack rocks by dissolving silica - possibly to obtain dissolved 

minerals for their nut•ition and for improving their foot-hold. 

To tne knowledge of the author no physiological function of 

silica in higher plants has been described. Improved physical 

strength of stalks and leaves might possibly have played a role 

in ~election r2sulting in high silica content. 

Different plant organs contain varying amounts of silica. 

Straw leaves contain more silica than stalks and should be re-

moved before pulping. Rice straw husks ar~ very rich in silic~. 

Bamboo nodes are richer in silica than internodal materia!; 

the internodal cavity may contain excreted pure silica. 

No biochemistry of silica is available. Some si l ico-organic 

compounds have been isolated in plant tissue, particularly of th~ 

group of poly-hydroxy aromats, i.e. of tannic compounds. The in

organic silica cannot travel through the plant cell membranes not 

being soluble, as ion,at ordinary acidity of the plant juices. 

Deposits in plant tissue of the opal type of hydrated silica, i.e. 

1naterial of rather low degref' of order (crystallinity) has been 

described. 
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Extraneous silica trom the soil, particularly in agricultural 

crops •~Y further a~grevate silica problems and can b~ re111<>ved by 

washing. ee,o..I separation of a<Nentitious soil "8Sh~ is reported to renvve suie annul pl.mt 
silica - possibly by dissolvi~ scne low crystalline order •terial - as evidenced by in::n.>.J.3t><l 
desilication in case of alkaline washi~ • 
SILICA IN PULPING 

Acid sulfite pulping which could leave the bulk of sili~a 

undissolved in the fibre has 1.ot been of interest for many years, 

also because with straw, yellowish unbleachable aggregates remain 

that are difficult to remove. 

In alkaline pulping processes plant silica dissolves more or 

less completely depending on the excess of active alkali used. 

Increased temperature enhances silica solubility. It has been 

proved that.in highly alkaline spent liquor, all silica is present as 

monomeric silicate. When most of the pulping alkali is nse<l up 

during pulping i.e. is neutralized by the organic acids resulting 

mainly ft·oa1 carbyhydrate dec\Jmposition, some of the dissolv.?d 

silica redeposits on t~e fibre which has been reported in turn to 

weaken the fibre/fibre bond in papenaaking. In this case the 

silicc. fraction i·emaining with the spent liquor is likely co 

contain polymeric silica and silica aggregates (i.e. "colloisal 

silica"). The silica dissolved in neutral sewichemical processes 

should be of a similar nature. 

SILICA IN CHEMICAL RECOVERY 

Silica in spent pulping liquors - in whatever form it may be 

present - interferes at all stage~ with the established course of 

recovery of chemicals, a technology that has been developed to deal 

only with silica free wood black liquors. 

I) &rown Stock Washing 

Colloidal silica may partly be responsible for the brown stock 

washing difficulties because of plugging of the screens of 

wuhing cylinders by "suspended solids". 
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2} Evaporar i.on 

On evaporation and concentration the unstable solution of 

sili~.:: ::. ~H:;:!i •k~omposes under scaling at th~ hot evaporator 

!>:1rfctces. Si 1 ic:eous scales (the hulk of the !>Cales might consist 

of 1 ignir.s and of Calcium Ca:bonate) do not respond to .. boil out" 

o·· to chemical treatment and must be removed mechanically causing 

stand-still and shorteneJ evaporator tube working life. 

)) Combustion 

In the recovery boiler high viscosity si~icate glass is formed 

that causes "honeycombs" sticking to •he builer :"al ls, plugging of 

tubes and diffi~clties !n combustion, Jeading to increased frequency 

of boiler shutdown for overhaul. 

4) Caustif ication 

The silicates dissolved in green liquor are precipitated by 

lime as calcium silicate; this mat~rial interferes with the settling 

of lime mud so that less white liquor can be decanted; vilh filtration 

and washing becoming more difficult, soda losses are increased. 

5) Lill'e Burning 

kben reburning of lime is attempted in presence of silica, 

glassy si 1 icates art.> formed that form st i-:ky rings in the rotary 

kiln and reduce the efficiency in lime decarbonization. In fact, 

difficulties and low yield result in omission of lime recycling 

by most pulpers of siliceous fiber sources. In case lime is expensive, 

due to long distance haulage, partial lime recycling is practized. 

Not recycled lime needs to be deposited as wet lime cud; rest 

alkali seems to prevent it& utillzation for soil improvement -

even in lilllf' deficient tropical countries. 
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DESlLlCATION 

Unless silica is removed in the recovery cycle, it will 

accU111Ulate in all closed cycle operations. This is even true 

for low s~lica kraft wood pulping, where some material is 

continuously "bled out" co prevent silica accWl!ulation and 

interference with efficient white liquor preparation. The 

optimal point for silica removal obviously is at the begin 

of chemical recovery which is im:nediat~ly after fibre separation 

from black liquor. In order to prevent scaling of evaporators 

weak liquor should he treated. However, in order to reduce the 

volumes to bP treated and possibly also to improve the degree of 

desilication, treatment could also be postponed after the first 

stage of evaporation. The large amount of organic material, with 

complex and pretty unknown chemical properties p .. esent in black 

liquor complicates desilication. Therefore desilication during 

cumbustion or at the green liquor stage also is unier consideration -

with the disadvantage mentioned. 

I) Desilication by burned lime 

This probably is tte most ext~nsively investigated method 

of silica removal for =hemical recovery. Lime being a cheap 

chemical and the knownlowsolubility of caicium silicate rend~r 

this approach most temrting. However, so far, not industrially 

useful process has emerged. 

Liaw desilicat ion of black liquor suffers by the fact that 

about 6 times of the stoechometrically nece$sary quantity of lime 

are necessary in practice to completely precipitate insoluble 

calch•silicate. Instead of about ' kg of burnt lillk:!' required in 

theory to remove 1 kg of silica, actually about 6 kg are needed! 

In the case of rice straw, 1 ton ~f p~lp would require more than 

1 ton of burnt lime changing into at least 3 times the amount of 

w~t lime mud Lo be filtered and to be deposited. Filtration pro

perties of lime mud are difficult and washing to prevent large 

losses of black liquor chemicals, causes con~~derable dilution, 

requiring additional energy for reconccntration. 
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Some of the polyphenols in black liquor als~ form soluble 

calcium compounds, which agai~ leads to additional calcium scaling 

of evaporator tubes. 

Even careful countercurrent multistage calcium treat.ent of 

black liquor cannot overcome the handicaps mentioned. 

Many of the above complications can be avoided by green 

liquor treatment with !ime, i.e. by fractional caustification. 

There is however no indication that green liquor desilication has 

become industrially viable, also be~ause it would leave the silica 

problems of evaporators and of the recovery boiler untouched. 

2) Desilication by Alumina (and by Ferric Oxid) 

Alumina has not proved really useful for precipitation of silica 

dissolved in black liquoc. However, when added to the smelt in the 

recovery furnace, the aluminium silicate formed remains insoluble with 

~he grit, to be removed from green liquor. 

One South African pulp mill claims to industrially desilicate 

in the manner described. 

The reports of the fate of silica in the ferrite (OARS) process 

arr somewhat confusing. 

Temperatures in OARS Fluid bed combustion are lower and dwell 

cime is shorter than in the standard recovery boiler; also ferric 

oxidt• is less basic than aluminium oxide. If - under OARS combust iori 

conditions - silica is insolubilized, desilication would actually 

take place. Silica or iron silicate would accumulate in the ferric 

oxide so that one of the advantages of the OARS process, i.e. the 

rer.ycling of the caustizising agent ferric Jxide would become in

cnmplete. Technical and economic aspects of this version should 

be studird because OARS desilication could be an attractive pro

posit inn. The conditions under which OARS desilication does take 

place are to be defined at the first instance. 

Oesil1cation before PARS combustion i3 required in case silica 

n•mains s.iluhle durinl( comhusr ion (as claimt•d in an esrly PARS patent) 

r o p;·1·v1•111 .11 cumuJ;1f ion in r lw -;ysr C"m. 
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)) Desilication by Carbonation 

Fc1 silica precipitation in black liquor ty partial acidification, 

Carbon Dioxide is the only justifiable reagent, because after silica 

removal and before concentration, black liquor has to be realkalized 

to regain lignin solution stability. With Carbon Dioxide tiis car. be 

effected, at least partially, by hot vacuum decarbonation of rarbonated 

black liquor. Using sulfuric acid or acetic acid, two reagenLS that 

were regarded worth of consideration, re-alkalisation has to be effected 

by either lime which complicates matters as partly discussed under 1) 

or by caustic soda which, unfortunately, is not realistic because more 

soua is required than the amount needed to compensate soda losses of 

the pulping process. 

Silica precipitation from black liquor by acidification is a 

useful procedure because it is possible to unsoluh~!ize silica without 

precipitating alkali lignins whose solubility in water also depends on 

pH. It is obvious, that acidification must be carried out carefclly, 

avoiding local overacidif ication at the point of acid addition and 

e~tablishing for each individual black liquor to be treated the 

critical lower pH limit to which alkalinity can be reduced for silica 

precipitation without lignin coprecipitation. Experiments have shown, 

that - independently of the acid used - the initial point of siiica 

precipitation and the initial point of lignin coprecipitation are 

reproducible and ch~racteristic for a black liquor. 

Utilizing co2 gas as an acidifying reagent it is of course important 

to control concentration, partial pressure, size of gas bubble and 

velocity of flow.for control of material transfer accross the gas/ 

liquid interface which i~ the determining step for the ~eaction 

ve 1 oc ;_ t Neutralization of alkali and of sodium silicate with the 

formation of sodium bica1uonate and of silica arc likely to be fast 

reactions. 

Black I iquor is a comp I icated buffered system in which pH cha11ges 

with temperature (measured with temperature comp~nsated glass electrodes) 

and with concentration. In fact pH drops with temperature increase. 

Therrlore ~11 silica precipitation pH data publish~d in literature 

without l<'mperaturr indic,11 ion arr mei!nin~less. 
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ln our own work we have standardized pH measurement temperature 

with J0°C for protection of glass electrodes. At this temperature 

and at a pH of about 10.l - corresponding to about pH 9.9 at 70°C -

silica precipitates almost completely without lignin coprecipitation. 

For reasons of simplicity and of economy in industrial practice, 

carbonation of desilication of black liquor is carried out at elevated 

temperature. This permits conserving the heat contained in black 

liquor after digestion and after brown stock washing. Unfortunately, 

silica solubility increases with temperature at reduced pH; temperature 

lowers the degree of desilication. 

For industrial practicability it is of utmost importance to obtain 

silica precipitated by pH reduction in a well filterable, i.e. 

in a well flocked form. Due to its chemical affinity to water, 

silica precipitated from an aequous medium always will be highly 

hydrated, amorphous or micro-crystalline. Literature states, that 

the frimary particle of precipitated silica only has a magnitude 

of a few millionth of a millimeter. Hence the likelyhood to obtain 

gelatinous nonfiltering material. ln order to obtain filterable 

material it is necessary to conduct precipitation in such a way, 

that agglomeration to large secondary particles can take place; 

the particles must be larger than the pores of the filter medium 

and form a coa~se and stable sediment, that permits free ~rainage 

of spent liquor and of wash solution. 

THE UNIDO DESILlCATlON PROJECT 

Desilication of spent pJlping liquors for the recovery of 

chemicals is a requirement mainly of non-wood pulping and, in particular, 

of pulping of agric~:cural wast.s. As such it Las been bypassed by 

suppliers and research institutions centered on wood pulping. The 

difficulties faced by earlier investigators of desilication also wa~ 

discouraging to new attempts in this fi· !d. 
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To fill this gap, SIDA (Swedish International Development 

Authority) and UNIDO (United Nations Industrial Development Organization) 

decided to dedicate funds and energy for desilication. It was decided 

to accept the offer of cooperation of a bamboo kraft pulp mill in India. 

At a very early stage of experimental carbonation by recovery 

boiler flut g~s of kraft bamboo weak black liquor the possibility 

of colourless silica precipitation was established. Such precipitates 

could be obtained in a flocculated condition, that sedimented and 

filtered easily. 

This early encouragement lead to sp~edy erection of a first pilot 

plant. Carbor.ation was effected by countercurrent treatment of weak 

black liquor by recovery boiler flue gas in a filled column. The 

original packing of the 4 meter column in form of 100 mm bamboo 

sections was soon replaced by polyethylene pall rings. With this 

column, that could be operated in a continuous fashion over some 

hours, the limiting pH for differential silica preci~itation could be 

determined as well as hot solubility of silica at the limiting pH. 

Varying pulping condition as changed pulping sulfidity, changes in 

residual free alkali and the pulping of different bamboo species in 

either "green" or "brown" condition did not affect pi lot plant 

desilication beyond somewhat higher fnaming tendency of freshly cut 

bamboo. 

At a later stage of the investigations it was established that 

the process could be operated with resulting granular silica flocks 

also with bamboo black liquor from a different part of India, with 

bagasse hldck liquor, with mixed spent liquor from bamboo/Indian 

mixed hardwoods as well as with European wheat straw spent liquors 

and soft wood black liquor with added silicate. 

After transferring the trials to another mill, operating a 

8 m packed column (1 m diameter) but transporting the flue gas by 

suc~tion instead of pressure foam problems became troublt•some with 

ensuing flooding of the column. Therefore an all glass pilot plant 

was designed of standardized modular units operating in one or more 

r.ta~C'S With empty columns filled only with C0
2 

- cont,lininl( ~as 

buhhll's, th£' bubbl<'s IH'ing larg1• <'nough to pn•v1•nr inc·onvPnil•nr fo,unin>-:. 
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This carbonation unit can be disll!Gntled for easy transport 

and for re-erection at varying pulp mills. 

The new bubble-reactor permitted good control. It was operated 

in lengthy runs over many months with fresh mill weak black liquor to 

prove that the process developed to be tolerant to the variations of 

normal industrial operation. 

Hot pilot plant operation permits careful carbonation avoiding 

irreversitle lignin coprecipitation. The voluminou~ but granular 

precipitate sediments quickly and can be filtered in a filter press. 

On exhaustive washing a greyish filtercake is obtained that contains 

in an air dry condition ofer 70 4 silica. Starting with weak black 

liquor containing 6 gpl silic~ ~ QO 4 desilication can be reached. 

The repeated and reproducible pilot plant trials have 

established a level of confidence in bubble reactor carbonation for 

desilicati0n of weak black liquor to justify the decision of scaling 

up the operation and ordering a fully industrial sized demonstration 

unit for carbonation and filtration. This equipment has been manu

factured and is at present about to be delivered. It is planned to 

start large scale ~arbonation utilizing recovery boiler flue gas 

containing about lL % co
2

; after recommissioning the lime kiln that 

has not been in use for many years because of silica problems, lime 

kiln flue gas with about 30 % Carbon Dioxide will be passed through 

the reactor. 

The team of technologists connected with the desilication project 

feels that they ha7e good reasons to hope, that after sufficient 

data will be collected operating the full size demonstration unit, 

an industrially viable desilication method will have been established. 
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NOTES ON THE VISIT TO PHOENIX PULP AND PAPER CO LTD, 

THAILAND, DECEMBER 5, I985 

Prepared by 

Thampoe Jeyasingam 

UNIDO Expert 

INTRODUCTION 

The Phoenix Pulp and Paper Hill Co Ltd. is Jocated at 

Khoo Kaeo in the North West part of Thailand. A visit to this 

mill was part of the seminar on Comparative Pulping Processes 

including the Hoilopulp Process, organized by UNIDO, SIDA, FAO 

and TISTR. The participants of the seminar were interested in 

the visit to the Phoenix Hill as this is the first kenaf market 

pulp mill in the world. The designed capacity of the mills is 

70.000 HTPY of kenaf pulp. 

KENAF SUPPLY TO HILLS 

Kenaf belongs to the HALVACEA family and consists of two 

main species known as HIBISCUS CANNABINUS and HIBISCUS SABDARIFFA 

also known as ROSELLA. The kena( used at Phoenix mill is Hibiscus 

Sabdariffa which is mostly cultivated in Thailand. This species 

of kenaf is reputed to be resistant to drought and pest attack. 

Morphologically, kenaf is made up of two parts, a woody inner 

core surrounded by the bast fibre ribbon. The bast ribbon produces 

the iong fibre of about Z.5 mm fibre length and averages 30 - 40 ~ 

of the whole kenaf stem. The rest of the weight is mainly from 

the woody core with an average fibre length of 0.7 mm. 

Kenaf is grown by the Thai tarmers mainly to produce the 

fibre needed for the production of burlap which is used for the 

manufacture of shipping bags. Kenaf therefore competes in the 

international market with jute which is largely produced in 

Bangladesh and India for the production of burlap. 
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Before the Phoenix mill was built the Thai farmers traditionally 

grew kenaf to supply the bast ribbon as a raw material for the burlap 

industry. It is estimated that the Phoenix mill requires about 15 4 

of the total cultivated kenaf to produce 70.000 HPTY of kenaf pulp. 

Since 85 1. of the demand is from the burlap industry, the market price 

of the raw material and its availability for the paper in~ustry is 

dictated by the supply and demand of the burlap industry in Thailand. 

The external factors that inf lu~nce the supply and demand of this raw 

material arc kenaf's effectiveness to compete with the jute industry 

in Bangladesh and India as well as its ability to withstand the 

encroach~nt of Polypropylene as a raw material for shipping bags. 

The Phoenix mill was therefore currently (during the time of 

this visit) having some problems in getting sufficient quantity of 

kenaf to maintain the mill's designed output. The mill was at this 

time operating with bamboo in place of k~naf. To overcome these 

problems, the mills management has plans to get adequate supply of 

kenaf to maintain the production at the designed level by entering 

into lnng-term contracts with the Thai farmers. 

KENAF STORAGE 

Kenaf is received by the mills in bundles of approximately 

200 to 250 mm diameter and of length 2500 mm to 3000 mm. These 

bundles are stacked in raised earthern platforms to obtain a stack 

size of 50 x 17 x 6 to 8 meters. It is estimated that each stack 

would contain about 600 to 800 tons of AD kenaf. The stacks are 

covered with corrugated iron sheets for weather protection during 

storage. This is needed to combat the following problems. 

- Wet kcnaf results in microbial degradation, fungus growth 

and causes problems in bleaching due to discoloration. 

- Weather exposed kenaf results in poor yield. 

- Wet kenaf causes bast fibre strand seriration from the 

woody core and this results in problems on the chipper 

nnd screens. 

- !>epa:·ation of bast fibre from the woody core also results 

in heterogenous pulp quality. 
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The Phoe~ix mill also found the need to use pesticides such 

as CHl.OXODANE and HEPTACHLOR to prevent terwits and beetle attack 

during storage. 

PREPARATION OF KENAF 

The preparation of kenaf prior to cooking is cond~cted using 

chippers to reduce th~ kenaf stea to chips which is then followed 

by screening on pentagonal rotary screens. 

The Phoenix mill is provided with five chipper lines and the 

kenaf bundles are loadetl to the rubber conveyor belts that feed 

the drum chipper. During the chipping process, 'f in~s· are pro

duced and they are subsequently removed using the rotary screens 

referred to above. It i~ estimated that about 8 4 of fines anJ 

seed pods get removed by the screens while 2 4 get carried over 

to the digester along with the chips. 

'nle kenaf chips get ~etered into the Ka•yr digester using 

a 'live bottom' bin that has a rotating travelling metering screw. 

The live bottom bin has a 20 minute volumetric capacity. Some 

problems are experienced with the live bottom bin due to the 

separation of bast fibre strands from the core resulting in non

unifora delivery to the digester. 

COOKING OF KENAF 

The cooking of kenaf at the Phoenix mill is done by the 

kraft proce•s using a Kamyr continuous digester incorporating 

an 'Asthma' type of value. The digester system provides for the 

cooking of the kenaf both under vapor and liquid phase. 

n.e chips from the live bottom bin are fed into a hopper 

where a part of the cooking liquor is added for pretreatment. 

The chips are then admitted to a steaming vessel through rhe 

L.P. feeder where it is cooked for 2 minutes at a low pressure 

of 1 to I \Bars. The balance cooking liquor needed for cooking 
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1~ also admitted into the steaming vessel. The steam need~d for 

cooking at low pressures is aade up of steam from the following: 

Relief operation of the digester steam • 

- Steam leakage past the H.P. feeoer. 

- Hake up live stea•. 

The pretreated chips from the steaming vessel is now admitted 

to the main digester vessel through the H.P. rotary feeder valve. 

Cookin~ is now dcne under H.P. steam. 

The cooking conditions Maployed are as follows: 

- Ac t i ve A I ka I i - 17-18 ~as NA20 on OD chips 

- Sulphidity - 22 ~ 

- Temperature - 160 to 170 C 

- Yield - 45-47 ~ 

The digester level for chips and liquor are carefully controlled. 

The difference between the chip level and the liquor level in the 

digester detenrines the time taken for vapor phase cooking. 

Provision is made for the injection of dilute black liqu~r 

at the bottom of the digester. This a•rang~~nt provides for a 

cold hlow, rhrrrhy prote'-ting the pulp strength properties. 

BRO:.IN STOCK WASHING 

Brown stock washing is done in 3 stages using count~r current 

washers. Th~ washers are of 125 m2 surface area each. Residual 

soda losses are estimated to be within l~ kg/ton of pulp as NA2S04 

at a dilution factor of 3.5. The Phoenix mill does ~ot experience 

foaming problems which were experienced by other kenaf pulp mills 

based on the s~da process. The black liquor from B.S. washing is 

filtered using d rotary filter and then pumped Lo the C. Recovery 

plant. The fibre content of the- 11 ltt>red black liquor is around 

20 p.p.m. 
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SCREENING AND CLEANING 

The washed pulp is screened using a l stage pressure screen 

system operating at an inlet consistency of l 4. Th~ rejects from 

the pressure screens are handled on a flat open screen. The sewer 

losses from the reject screen amounts to ab~ut O.S 4. The final 

stage of brown stock cleaning is donP- on a J stage C.C. ~ystem. 

BLEACHING 

The Phoenix is provided with a 4 s~age bleaching system 

consisting of CD EH D Stages. The inter stage washers are of 
2 surface area 100 m ~ach. 

Chlorination/Dioxide. 

This is done using an up flow chlorination tower under the 

following contlitions: 

Chlorine 4.5 to 5.5 4 

Consistency J % 

Retention 45 to so mins 

Temperature 40 c 

pH 2. S to J.S 

CI02 substitution is dcne during chlorination to the extent 

of IO to IS% of the Cl2 demand. This treatme~t is claimed to 

preserve the strength and the viscosity of the pulp. 

Ext race ion. 

This is done using a down flow tower under th~ following 

conditions: 

NAOH 2 to 2. s 7. 

Consistency Io ·1. 

Retention 120 mins 

Temperature t>O c 
pH 11 ~o I I. 5 

Tt1r• K.1ppa numtwr of rhr ('X!rartrd pulp is in !lw ran~(' of 4 to h. 
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Hypochlorite. 

This is done using a down flow tower under the following 

conditions: 

Active Cl2 - 2. 5 to 3.5 't 

C'.onsistency - 10 't 

Retentior> - 180-210 mins 

Temperature 40 c 

pH - 8 to 8.2 

Brightness - 74 to 76 G.E. 

Dioxide. 

Cl02 is produced by the ~.athieson process for USP both during 

the chlorination stage as well as for the final dioxide stage. Th~ 

Cl02 treatment for the final stage is done in an up tlow tower. 

Cl02 - 0.6 to 0.8 't 

Consistency - IO 't 

Retention - 240 mins 

Temperature - 70 c 
pH - 4. 5 to 5.5 

Acidification. 

The Cl02 treate~ pulp is acidified using 502 water resulting 

in a final brightness of 86 to 87 G.E. 

Cleaning. 

The bleached pulp is cleaned using a 3 stage Bauer C.C. System. 

PULP MACHINE 

To produce the market pulp the Phoenix mill is using a 

Voith pulp machine. The wire part is made up of a fourdrinier 

section with a wire length of 33.9 meters and a trimmed width of 

2.4 meters. 
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The press section is made up of 2 double felted presses. 

The dryer section is made up of conventional steam drying 

cylinders followed by Flakt dryer. 

Phoenix experienced limitations in the drying capacity at 

the start of the mill. it was found that kenaf pulp would give 

only about 65 t dryness compared with the drying cap~city needed 

for long fibre wood pulp. The drying section, therefore, was 

redesigned to accommodate a Flakt dryer to obtain the needed 35 t 

czpacity. The pulp is now dried to 90 ~dryness and then finished 

to pulp sheets on an •on Line Sheeter' and subsequently packed on 

automatic baling equipment to standard size 200 kg bales. 

C.R. SYSTEM 

The Phoenix mill does not experience scaling problems due 

to silica, unlik~ most annual plant mills. This is on account 

of the low silica content of l t silica in the black liquor. 

The filtered black liquor at 15 t T.S. is concentrated to 

50 % T .S. using quints_1ple ef feet evaporators. Tl1c liquor is 

further concentrated to 65 % using direct contact cascade 

evaporat~rs. The incineration is done on a recovery furnace 

designed to use auxiliary liquid fuel. The calorific value of 

kcnaf black liquor is 3,400 k.cal/k.g. The recovery furnace is 

capable of incinerating 400 tons of dry solids per day. The 

steam gener&ting capacity is 58 TPH at 43 Bar and 440 C. 

Recausticizing is done on a Dorr-Oliver system. The 

recovery efficiency of the system is about 94 t. 

STEAM AND POWER GENERATION 

The steam requirements are met through the rrcovrry boiler 

and auxiliary oil fired boiler. Steam generated at 43 Bar and 

440 C Is used for power generation on a hack pr<'ssur~ 111rbi~e of 

8.tiOO KW capacity. Extraction steam from rhc• rurbin<' is usrd for 

procrss. Mi 11 ~ent•r<11 <'!> /(! '" ,,f I ht• pow1•r r1·qui rl'm1•111 s .and I hr 

h.11.11111· is p11nh.1sl'rl from tlw p11hli1 ~rid. 
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WATE.R SUPPLY 

The water supply is from Nam Phong River which is treated 

using a clarifloculator and rapid gravity sand filters • 

tFFLU~NT HANDLING 

The effluent plant handles about 30,000 MJ.P.O. The plant 

consists of one primary clarifier, an aeration ~ond fitted with 

12 aerators, followed by a secondary clarifier and a rotar) belt 

filter. The rotary filter handles the sludge from both the 

primary and secondary clarifiers and tt.~ dewatered sludge is used 

as landfill. 

QUALITY AND FUTURE TRENDS 

Phoenix is able to produce high quality market paper from 

kenaf. Thailand is short of indigenous pulp production ar.d 

therefore PIOSt of the pulp mills depend largely on the use of 

imported secondary fiber and imported pulp from overseas. By 

producing kenaf pulp Phoenix is able to conserve foreign ex

change for Thailand. 

Currently, the Phoenix mill is having some problems in 

competin& with imported wood pulp on prices due to the inter

national market slump on account of the over-production of 

wood pulp. The Phoe~ix mill, however, has developed an over

seas market where tlaeir pulp could be used for the manufacture 

of cigarette tiss~es. Traditionally. cigarette tissues are made 

using exp~nsive hemp pulp. In order to keep prices down the 

cigarette tissue mills ar~ trying to blend hemp pulp with less 

expensive wood pulp. For quality reasons the cigarette tissue 

m1nufacturers now prefer co use kenaf pulp in place of wood pulp. 

This trend is helping the Phoenix mills to some extent. 
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PAPER INDUSTRY IN TURKEY 

Paper product ion in Turkey started in 1936 in Iz!llit, a town 

approximately 50 •iles to the east of Istanbul. The production was 

about 4000 tons/year. 

This industry was totally owned by the government and the 

Hanagemt'nt was a branch in a large state company. In 1955 it 

became an independent General Direclorate owned by the Govern.ent 

with the "TURKISH PULP & PAPER HILLS GENERAL DIRECTORATE" SEKA. 

By the 1960's with new lines added at the same mill site the 

production capacity of the establishment had increased to 120.000 

tons/year. Many grades of paper and boards including cigarette 

paper are produced in this establishment but some special grades 

are imported. 

This mill includes the following installations: 

Ten paper/board machines; 

One sulfite pulp mill; 

One snaal 1 size bleached straw pulp mill; 

One groundwood pulp mi 11; 

One rag-hemp pulp mill; 

One chlorine & alkali mill. 

THE PULP AND PAPER MILLS STARTiD IN THE 1970'5 

- CAYCUHA Mill: On the West Black Sea coast; started production April 

1970 and has the following capacities: 

60.000 tons/year kraft pulp 

75.000 tons/year kraft paper 

30.000 tons/year NSSC 
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On the East Black Sea coast; started production 

October lq7o and has the following capacities: 

c6.00C tons/year groundwood 

82.500 tons/year new~print 

- DALAHAN Hill: In South West Anatolia; started pr~duction in 

October 1971 and has the following capacities: 

- AFYON Hi 11 : 

70.000 tons/year bleached sulfate pulp 

15.000 tons/year viscose pulp 

35.000 tons/year writing and printing paper 

40.000 tons/year board 

It also has chlorine-alkaline and coating 

facilities. 

In Central Anatolia; st< ed production in Hay 

1979 and it has a capacity of 50.000 tons/yea~ 

bleached straw-reed pulp and it is the biggest 

short fibre pulp mill in Turkey. This is the 

mill that this report will present detailed 

information about. 

With the establishment of tt.e above mills SEKA's paper-board 

producti•.n capacity has exceeded 300.000 tons/year. 

On the other hand the following mills had been completed in 

the 1980's: 

- BALIKESIR Hill: In North-West Anatolia; started production 

January 1981 and has the following capacities: 

100.000 tons/year newsprint 
) 

105.000 m I year lumber 

80.000 r.ons/year THP 
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- AKDENlZ Hill: On the Mediterranean Sea; started production 

in August 1983 and has the following capacities: 

155.000 tons/year kraft liner 

or 

90.000 tons/year cement bag paper 

and 

170.000 
3 I year lumber m 

- KASTAHONU Hill: In the Western Black Sea region; started production 

September 1984 and has the following capacities: 

5.000 tons/year cigarette paper 
3 22.000 m /year pressboard 

With the above mill~ included SEKA'S paper and board production 

capacity ha~ exceeded 600.000 tons/year and actual production in 

1984 was 488.000 tons and was 85 % of available ~apacity. 

While SEKA was the only paper-board producing organization in 

Turkey (or many years, in the 1960's and 1970's the private sector 

has started many small paper mills and reached 250.000 tons/year 

capacity in 1983 and they are expected to expand to 387.000 tons/year 

in 1987. 

'!he paper-board consumption per capita in Turk~y is 12.5 kg/ 

year. 

ln addition to the totally owned mills explained above SEKA has 

the following shares: 

- Mannesrnan Sumerbank Steel Pipe lndust~y Corp. 3,57 ~ 

2 - Industrial Transport Corp. 10 ~ 
3 - Dostel Aluminium Sulphate Corp. 39 ~ 

4 - Pakistan Security Papers Ltd. 10 ~ 

5 - YIBITAS (Cement Sack Paper Hills) 10 ~ 
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SEr...A's paper-board, lumb~r and viscose pulp export in 1984 was 

25 million dollars. 

SEKA is not only establishing new mills but a lot of work is 

going on with mo~ification, modernizing and adding new effluent 

disposal systems to old mills in Turkey. 

SEKA has been Lhe pioneer company in environmental protection 

in the industry and in starting tug and barges system for marine 

transport of wood and finished products. 

SEKA AFYON - BLEACHED STRAW - REED PULP HILL 

INTRODUCTION 

The mill was established with 50.000 tons/year capacity to 

utilize straw of central Anatolia which is one of the wheat producing 

areas in Turkey and to use reed which is cultivated from the lakes in 

the samP. area and to supply the country's requirement of bleached 

short fibre pulp. 

The feasibility study for the mill had been carried out in 1969, 

and in 1970 the decision was made to build the mill. In 1973 a 

contract was signed with KHO, AEG-Telefunkcn, BELOIT Italy and POMILIO 

Italy Consortium for the supply of import equipment. 

The main responsibilities of the Consortium were: 

- Manufacture and ship all import equipment; 

- Preparation of specifications for all local and import 

equipment; 

- Supervision of all import/local equipme~t installation work; 

- Preparation of all layout plants; 

- Supply of technical information for civil design related to 

equipment; 

- Overall guarantee of all local-import equipment perfor~ance 

(exception in this respect is for deviation from specif icacions), 

- Assistance in m!ll start-up and personnel training. 
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According to this Contract the mil 1 was to be completed in 41 

months includ;ng all preparatory work, manufacturing, shipping, 

erection, tests and trial run. The mill was to start cummercial 

production in 1976. But the trial production started in Hay 1979 

due to import problems, contractors not being able to complete their 

work in time and difficulties of local supplied equipment. Production 

of the same year was only 680 tons. 

Hill water is supplied from 12 artesian well at 25 km distance 

and pumped to the mill. The effluent water is distributed into a 

lake nearby using 5.5 km pipe and 4 diffusers. 

SPECIFICATIONS 

Daily Ope rat icn 

Annual Operation 

Capacity 

Daily Production: 

Tensile Strength 

Brightness 

Dirt Count 

Raw material (100 t 

dry into the digester) 

Limestone 

Sodium Sulphate 

Na OH 

Liquid Chlorine 

Sulphur 

Alum 

Steam 

Water 

Power 

Fuel Oil 

24 hours, three shifts 

300 days 

50.000 ton::;/year bleached straw/reed 

pulp on 100 t dry basis. 

Hin. 167 tons on 100 t dry basis 

Unit R' . u Straw 

mt. 5500 4500 

GE 80 80 

Number/m 2 50 50 

Ton/Ton 2,44 2,7 

kg/ton 658 

.. 145 

.. 40 

" 120 

" 3 2 

" 9,32 

ton/toi:i 12 
3 m /ton 300 

kWh/Ton 1200 

ton/ton 1.1 
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PRODUCTION 

1979 680 tons 

1980 6.926 tons 

1981 9.1~7 tons 

1982 18.542 tons 

lq8J 20.261 tons 

1984 22.649 tons 

1985 (9 month) 12. 234 tons 

A review of t;1e above figures shows that the proliuc1:ion is 

increasing yearly but has not reached the desired level. As it 

will be explained in the following paragraphs elimination of 

design errors and bottlenecks has increased the production. The 

low production figures in 1984 and 1985 are mainly because of the 

recovery boiler which has had a long shut-down due to a major 

problem. 

PRODUCTION COST 

Low production obviously causes high production cost but sub

stitution of high value wood which has a long life of rotation with 

annual crops is an important economic move. This mill has proved, 

had no design problems existed, the mill would have run at good 

product ion rates and the pulp with good qual. ity would have been 

a lot better an asset for the Turkish company. 

BOTTLENECKS AND DESIGN ERRORS 

1'1AlN DEPARTMENTS: 1) Raw Material cutting and cleariing 

2) Cooking, washing and tertiary preparation 

3) Bleaching 

4) Dewatering, drying and baling 

The problems encountered to date in reaching capacity and thC' 

modifications made in the different deparcments are listed below in 

flow ordC'r: 
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l) Raw Material Cutting and Cleaning 

a) Blockage by raw material in suction pipes 

the suction fans are under design capacity and 

the flow rate in the pipes is also below design. 

suction fans and dust screens ~re designed for 

15 t moisture of raw materiaa but the raw material 

moisture goes up to 30 - 40 ~ in winter. 

b) The electro111Csgnetic separators were supplied under 

design and the arrangeruent was not suitable. 

c) Foreign materials like wire, rock and sand get 

into the straw bales and the department has no 

equipment to separate them. 

These materials cause blockage in feed lines and 

rotating equipment not only in this department but 

also in the cooking and washing department. 

d) The following modifications have been carried out 

to overcome the bottlenecks: 

- The hole sizes in the dust screens have been enlarged; 

- To increase the suction fans' f lo~ the speeds of the 

fans have been increased. 

These modifications made it possible to use raw material 

with moistures up to 25 \. 

To eliminate all problems the following modifications will 

be carried out. 

- To separate wires and other metals bigger electromagnet 

will be installed. 

- A design is developed to separate and eliminate rock and 

sand from raw materials and soon will be applied. 

- An automatic screen (leaning device will be added to 

e I iminate lllockage of dust screens when high moisture 

raw material is used. 
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2) Cooking. Washing and Screening and Tertiary Preparation 

a) The feed lines get blocked especially in winter time due to 

high moisture ~t raw materials. 

b) As it was explained above the equipment has been modified 

to increase capacity but the best solution is to revert 

from piteumatic feed to belt conveyor feed. 

3) Bleaching 

a) The DC motor cooling in this depart111ent was not sufficient 

and was causing failure of equipment. New cooling unit 

has been added. 

b) The high density stock pumps did not have sufficient 

capacity and they have been modified. 

These changes have enabled this department to run at full 

capacity. 

4) Dewatering. Drying and Baling 

This department includes the following sections: 

- Fourdrinier machine 

- First Press 

- Second Press 

- Air Dryer 

- Third Press 

a) At the start in 1979 it was not po~sible to pass the pulp 

sheet through the first press because the sheet was too wet 

and the fourdrioier was not caking enough water out. 

b) A felt has been added co the top section ot the first press 

and only light sheet of straw pulp started going through. 
2 

c} In the early 1980 ~p to 684 gr/m pulp sheet of reed pulp 

was produced with less problems than those of a lot lighter 

sheet of straw pulp. 

d) After .any trials with straw pulp in 1981 the following 

.odificatlons were found necessary: 



< • 
) 

...... 

-232-

- Top t P Its we re added to the second .rnd third press; 

- V.1cuU111 pwaps were addoL-d tor top felrs; 

- A screen was added to the lower part of the air dryers; 

- 2 vacuum boxes were added to the fourdrinier. 

With tht'se changes it bPcame possible to prod~ce reed pulp 

at full capacity but straw pulp at JOO - 110 tons/day. 

To reduce straw pulp at design capacity additional measures 

are necessary to increase drainage at the fourdinier. 

~AW HATERlAL PROBLEMS 

I) St raw 

ThP area has a lot more straw than required, but it stretches 

too wide, causing collection, baling and shipping costs to be 

major problems. The supply is dt'pendent on price and when high 

prices are paid to supply the needed quantities it upsets the 

mi 11 economy. 

2) Lakt> Ret>d 

N•'t all the lakes around tht> mill art' allocated to SEKA. In 

tht> ones that are allocated to SEKA harvt>sting is done by hand 

and it rt-quires thousands of people. At the present time the 

lakes cannot be t-ntered in dll dircctinns. Th~ price pairl by 

tht> mill is not hign enough to make long distance shipments 

possible. In summary, cutting, access and transportation are 

the ongoing problems. 
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l NTRODUCT1 Oh 

The possibility of using sodium carbonate as part of the 

cooking liquor for bagasse pulping on a mill scale is being 

continuously studied. Cooks using different proportions of 

sodium carbonate dnd sodiUCl hydroxide were first done on a 

laboratory scale in search for an alternative or supplementary 

cooking chemical. With encouraging results in the laboratory, 

UPPC decided to use a mixture of sodium carbonate and sodium 

hydroxide for its pulping process. 

GENtRA~ PROCESS DESCRIPTION 

UPPC receives its bagasse fibres from the Pampanga Sugar 

Development Corporation (PASUDECO) which is about 18 kilomet.res 

from the mill. Bagasse is moist depithed at the sugar mill 

using SPM depithers. 

THe moist depithed bagasse from the sugar mill is stored 

wet and compacted by means of bulldozers at the mill site. This 

stored bagasse is reclaimed from the piles using payloaders or. a 

first in-first out basis. The bagasse is fed into a hydrapulper via 

a bell conveyor, and mixed with recycled water from the pulp mill to 

form a slurry with a consistency of about 2.5 % to 3.0 ~. It is then 

pumped through a distribution box to two drum drainers in order to 

improve the consistency while partially removing the soluble materials 

and some pith prior to wet depithing. 

Washed bagasse is fed into Horkel depithers equipped with 

beating and traveling hammers. Wet depithed bagasse is discharged 

into a storage bin with a pin feeder that controls bagasse flow into 

a long inclined belt conveyor to the pulp mill. 

At the pulp mill, bagasse is conveyed and fed to the digester 

by a scrr.w feeder where steam and the cooking liquor at the desired 

flow, chemical proportion, and concentration are added. 
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Cooking of the bagasse is achieved in a continuous twin-tube 

horizontal AmericJn Defibrator continuous digester. The cooking 

temperature is controlled at 170°C and the retention time is about 

20 - 25 minutes. 

Cooked bagasse is washed in a 3-stage counter-current washing 

system. The washed bagasse pulp passes 2-stages of Cowan Screen 

and a 3-stage centri-cleaner systems. The accepts are thickened 

at about 12 '7. consistency and stored in a high density tower. 

HILL TRIALS 

Hill scale tests were carried in AUgust of this year \1985) 

in cooking bagasse for use in the production of corrugating medium. 

Sodium carbonate is dissolved in a tank prior to mixing with 

sodium hydroxide. The cor' 'ng chemical is di luted with some amounts 

of black liquor. 

The trials started using 100 % sodium hydroxide and subsequently, 

introduced sodium carbonate i~ thr cooking liquor. The cooking 

liquor mixtures of &odium carbonate and sodium hydroxide tested 

were: 

a) 70 % sodium hydroxide and 30 ~ sodium carbonate; 

b) 60 % sodium hydroxide and 40 % sodium carbonate; 

c) 30 % sodium hydroxide and 70 % soidum carbonate. 

The other mill trials were on the production of bagasse pulp 

tor sack kraft paper. These trials using a mixture of sodium 

carbonate and sodium hydr0xide in cooking bagasse for the company's 

production of sack kraft paper arr still going on. They are being 

donl' to rst<tblish thl' chl'mirnl propottion hrst suited for thl' mill 

prPc1·ss in ll'r-ms of l'Osts, r111111.1hilily, pulp quillity :ind yil'lcl. 
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DISCUSSION OF RESULTS 

TH~ pulp quality during the mill trial on bagasse for corrugacing 

medium was comparable with that obtained with the caustic soda cook. 

The results are shown in Table I. Pulp for the various trials was 

cooked to an average permanganate number (60 ml) of 40.4. Pulp evaluation 

was done on a Valley Beater according to TAPP! standards. 

Table I 

COMPARATIVE PULP PHYSICAL PROPERTIES 

CSF* B. l. 2 B.L.* T.S. 2 
Cooking Mixtures (ml) (KPa/g/m ) (Km} (mN/g/m ) 

100 •4 NaOH 579 1.5 4.4 480 

500 2.0 5.0 432 

400 2.5 6.4 382 

300 2.5 5.8 353 

70 '· Na OH 575 1.8 4.6 402 

30 ·1. tia 2co3 
500 2.2 5.2 372 

400 2.5 5.1 353 

300 2.7 '). 9 333 

60 '· 
Na OH 516 1.8 4.2 441 

40 '7. Na 2co3 
500 1.9 4.3 432 

400 2.6 5.6 363 

300 2.7 5.8 343 

30 '7. Na OH 567 2.0 5.0 441 

70 '7. Na 2co3 
500 2.5 5.7 412 

400 3.0 6.2 382 

300 3.2 6.3 363 

* CSF - Canadian Standard Freeness 

* Bl Burst Index 

* BL - Breaking Length 

* TS - Tear Strength 
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The properties of the bagasse cooked with different ratios of 

sodium carborate and sodium hydroxide in the cooking liquor are not 

at all substantially different with bagasse cooked using 100 4 sodium 

hydroxide at an average permanganate number (60 ml) of 40.4. 

It is anticipated that scaling problems particularly in the 

washers may evolve but the mill trials are not yet showing this 

e( feet. However, inhibitors are prepared to be used when cooking bagasse 

for a iong and continuous period of time. 

When the mill shifted production to sack kraft paper, sodium 

carbonate was again mixed (at a l~wer proportion) with sodium 

hydroxide to be used as the cooking liquor. The results are in 

Table II. Pulp (or the trial was cooked to an average permanganate 

nllmber (40 ml) o( 18. The pulp was evaluated in a Val ey Beater 

according to TAPPI standards. 

Cooking Hiscture 

100 °1. NaOH 

80 % NaOH 

20 % Na 2co3 

CSF 

i~. 

500 
400 
300 
200 

523 

500 
400 
300 

Table II 

B. 1.2 
(KPa/g/m ) 

3.5 
3.9 
4.3 
4.5 

2.8 

2.9 
3.1 
3.2 

8.L. TS 
2 

(Km) (mN/g/m ) 

6.1 432 
6.3 412 
6.8 392 
7.5 373 

5.8 402 

6.0 392 
6.7 382 
7. 1 353 

Again, the pulp properties of bagasse pulp cooked with 100 % 

sodium hydroxide and a mixture of sodium carbonate and sodium hydroxide 

as the cooking liquor are practically comparative. Even the physical 

properties of the finshed paper (sack kraft), at practically the samP 

operating conditions art' ver·y comparative. The mill is scill under

gcing some trials to determine the optimum mixture of sodium carb0nate 

and sodium hydroxide as the cooking liquor for bagasse in terms of 

costs, runnability, pulp quality and yield. 
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SOHE CONCLUSIONS 

It ua~ proven during the mill trials that bagasse can be 

sutcesstully pulped using a mixture of sodium carbonat~ and 

sodium hydroxid<t> as the cooking liuuor. 

As indicated by the results in ~he mill trials, the 

chemical cost can be reduced by using sodium carbonate in 

the process. During the mill trials, some modest chemical 

cost. reduction was achieved depending on the proportion of 

sodium carbonate and sodium hydroxide and on the grade of 

paper being produced. 

It is the intention of the company to continue with the 

mill trials to determine the optill!um amount of sodium c;1rbonate 

in the cooking liquor in its pulping process. 
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EXISTING PULPING PROCESS JN BANGLADESH 

Bangladesh is situatPd at latitude 20°34' - 26°36N and 

longitude 88°7 1 - 90° 1 E having conanon boundary with India in 

Lh~ '"''th .;;;d ;.:.:::;t :?ntl ~':..'!"!"? ;n thP e3st. The Bay of Bengal lies 

in the south. Southern part of the country has a big natural 

mangrove forest spread over an area of about 2llb sq miles. The 

forest consists of: 

Sundri (H£ritiera fomes) - 73 % 

Gewa (Excoecaria agallocha) - 16 % 

Others - 11 % 

The country has four large pulp and paper mills, 2 hard board 

mills, a few medium size board mills and many small hard board mills. 

Khulna Newsprint Hill (KNM) i.s the only newsprint mill of the country 

using Gewa tropical hardwood species as groundwood pulp for making of 

newsprint and mechanical printing. The fibre length of Gewa ground

wood pulp is between Q.S - 0.6 mm. Making of newsprint or other 

grades of paper with the usual SGW Gewa pulp alone was not technically 

feasible. So about 40 % of the total furnish was chemi-groundwood 

pulp which has a fibre length between 0.9 - 1.2 11111', produced from 

Gewa log after mild chemical treatment with neutral sodium sulphite 

in autoclaves. 

The mill observed many advantages of Gewa chemi-grouPdwood pulp 

over normal groundwood, specially the power saving (33 - SO%) in 

grinding the logs to pulp and greater physical strength properties of 

pulp resulting in production of good strength paper. So the wood 

treatment plant of the mill was expanded to double of its size with 

addition o( 5 autoclaves in the year 1981. 

Process: (KNH) - Capacity: 48,000 H.T/yr. Newsprint & Mech. Printing etc. 

Manufacture of chemj-groundwood puip from Gewa in Khulna Nawsprint 

mill consist!- of liquor preparation, wood tree1t1nent and grinding. 



< • \ 
) 

-241-

LIQUOR PREPARATICN 

Neutral Sodium Sulphite liquor is prepared by burning sulphur 

into sulphur di-oxide which is absorbed in soda ash solution to 

obtain a mixture of sodium sulphite and sodium bi-carbcnate. 

S02 gas produced in the burner cooled do-n to 150 - l80°F by 

passing it ·h~0ugh coolers uhere the gas is sprayed with process 

water. Then it enters the Absorption Tower packed with saddles at 

the bottom. Soda ash solution is sprayed at the top of to~er and kept 

circulated till it is converted to sodium sulphite (Na
2
so

3
) and 

sodium bi-carbonate in batches. The usual ratio of bi-carbonate 

and sulphite in che cooking liquor after cook is maint3ined at 1:6 

(both expressed as Na 2co3). However, the rati~ in the make-up is 

ma~nt~ined at 1:4 with at least double the strength than that of 

sw•nt 1 iquor. 

WOOD TREATMENT 

Debarked Gewa logs, 4' ft. in length having varied diameter 

from 2\" to 18" are loaded on wagon in six bundles of about 288 cft 

wood and charged in horizontal autoclaves of inner dia 7.5 ft. and 

28 ft. long between heads. The vessd is closed and sealt:d and then 

subjected to an vacuum of 20 - 25' Hg for about 30 minutes. This is 

done to partially extract moisture out of logs inorder to have good 

~enetration of cooking liquor. About 7500 US gal. of cooking liquor 

of 0.85 - 1.0 lbs/gal (8.5 to 10 %) concentration is charged in the 

loaded autoclave. Then the liquor is circulated through a hear 
0 exchanger to raise the temperat•Jre to 290 f at 150 - 155 psig 

followed by a cooking period of 4 hours. The approximate heating 

time is 45 - 60' mins. During er.tire period of heating and cook!ng 

care is taken to maintain the temperature and pressure as above. 
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At the end of cooking p~riod the spent liquor is tran~ferred 

to another autoclave which is ready for operation with load and 

vacuum. After transfer of liquor the :Jtoclave is pressurized to 

150 - 155 psig with aake-up liquor of higher concentration and at 

the same ti~ heating cycle starts, followed by subsequent operations 

in succession. 

After transfer of spent liquor at the end of cooking cycle 

pressure of the autoclave is realized in the nearby water flumes 

(condenser cooling water of turbo generator). Discharge in the 

water eliminates dir pollution of the surrounding. When the pressure 

inside the autoclave falls down to atmospheric pressure the door is 

opened and the wagon with cooked log bundles pulled out and off 

- loaded. 

Liquor ratio between bi-carbonate and sulphite as followed in 

NSS process is 1:6. After expansion of autoclaves from 5 to IO it 

is not possible to keep the ratio usual due to limitation of the 

existing liqucr preparation plant. The present ratio is 1:1. 

Owing to increased carbonate in cooking liquor the brightness of 

chemi pulp tails down further. 

Quick rise of temperature before liquor penetration burns the 

fibre. But past practice in KNM was to raise the temperature of 

liquor as quickly as possible without allowing any time for penetration 

as suggested in Page 309, article 78. Penetration, chapter 4 of Pulp 

and Paper Mdnufacturt- - Volume 1 by J. Newell Stephenton, Editor-in-Chief, 

published in 1950 by McGraw-Hill Book Company, Inc. In order to overco~e 

the brightness proble•, at present, JO mins. for penetration is allowed 

before cooking cycle and observed encouraging results in respect ot 

brightness. 

However, .110re exprriwnts are bt•ing carried out in respect of 

cooking t tmr to suit the mills rrquin·menrs. 
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GRINDING 

Bundles ol cooked logs are washed and transported to grinders 

on trucks. Logs are ground in Great Northern Type Grinders. The 

pulpstor>t'S are burred with 9 x l \" and 12 x l\" spiral cut burrs. 

Followin~ grinding conditions are maintained: 

Pit temperature - 150 - 170°F 

Pit consistency - 2.5 3.5 % 

Pit freeness (CSF) - 250 - 320 ml 

Deckered Pulp 
Freeness (CSF) - 200 - 250 ml 

PULP QUALITY 

SGW pulp made from Gewa wood shows very poor strength 

properties. But chemically treated logs produces improved quality 

SWG pulp with less energy consumption for grinding. Brightness of 

chemi-pulp is lower compared to that of GWD. The following table 

gives a comparative statement of strength properties and power 

consumption of usual groundwood, chemi-groundwood produced from 

Gewa with those of usual SWG pulp and soft-wood. 

Table 

Strength 
I Tropic:Jl Hi1rdwood - GEWA Soft-wood 

Property Usual Chemi Usual 
Groundwood Groundwood Groundwood . 

Tear Factor 22 - 25 35 - 40 45 - 55 

Burst Factor 4 - 5 18 - 22 . 22 - 26 

Breaking Length (H) 1000 - I 500 2000 - 4500 3500 

Brightness ISO so - 52 L.2 - 45 54 - 58 

Po..,, .. r Consumption 1700.±0 KwH/ton - 1000 1200 - 1400 

I 
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In order to increase brightness sodium hydro-sulphite is used. 

Usually sodium hy~ro-sulphite trea:ment of pulp as carried out in 

KNH is about 0.2 - 0.5 ~on bone dry basis. Brightness of pulp is 

practically increased by 2 to) degrees against 7 - 8 in the Lab. 

PULPING IN OTHER MILLS IN THE COUNTRY 

All other puip mills in Bangladesh manufacture chemical pulp 

in usual sulphate process. The mills have evaporators
1

recovery 

boiler, and caustisizor with required accessories in each plants. 

a) Karnaphuli Paper Hills (KPH) 

Capa~ity: 30,000 M.T./yr. Writing, printing, wrapper, etc. 

The mill is mainly designed to manufacture pulp from bamboo. 

Due to the scarcity of bamboo, now-a-days, the mill also uses 

local hardwood for making pulp. It has stationary vertical 

digesters for producing pulp. 

b) North Bengal Paper Hill (NBPM) 

Capacity: 20,000 M.T./yr. Pulp 

The basic FRH is bagasse. It is not adequately available to 

meet the entire demand of the mill. So, wheat straw is used 

as make-up tor pulp demand. The mill makes pulp in continuous 

digester. 

c) Sylhet Pulp & Paper Hill (SPPH) 

Capacity: 20,000 M.T./yr. Pulp 

The mill based on reeds and bamboo faces shortage of 3upply. 

Presently, local wood, rejects of match factory, i.e. rejected 

veneers, jute cutting etc., are used to make pulp as ~ supplement. 

The mill uses rotary digester for manufacturing pulp. 
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d} Khulna Hardboard Mill (KHH) 

Capacity: 2.79 million metre 2 /yr. Hardboard of thickness 3.2£ nn 

The mill uses Sundri (H~ritiera tomes) - Tropical hardwood 

extracted from Sundarban, the only mangrove forest of the country. 

Pulp is made by TMP process. One c~ntinuous digester with 2 disc 

refiners and a chioper make the pulping process of the mill. 
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As a tropical country with sufficient rainfall, Indonesia 

has a significant potential of renewable resources, i.e. its 

plantation and its forest. With these fast resources, the Government 

has established several research institutions to back up th€ 

development of the plantations as well as its forest based industries. 

One of these institutions is the Institute for Research and Development 

ot ~ellulose Industries. 

This report informs on some research activities done by the 

Institute, in which case it tries to utilize all the cellulosic 

fibrous resources for raw materials for the pulp, paper and rayon 

industries. 

The fibrous resources studied come from various sectors, like 

the agriculture sector (mainly non-wood) and also from the forestry 

sector (softwood as well as hardwood). SomP- of the wood resources 

have been utilized as raw materials for the pulp and paper industry, 

special attention on wood resources is given during the studies. 

Indonesian forests mainly consist of tropical hardwood with 

about se•,,e::-al hundred different species. Non-.1ood resources from 

the agriculture sect ion which are being ut i 1 ized as raw materia 1 for 

the pulp and paper industry are mostly agricultural residues, such as 

rice straw and bagasse. 

Recently, the number of paper mills has increased from 6 mills 

- all of them Government - owned, to 35 mills. Host of the paper 

mills are located at Java, the most developed island, and only 3 are 

located outside Java. The mills produce mostly writing and printing 

papers, corrugated medium. Later on, some mills started producing 

newsprint, tissue and cigarette paper. Besides that •. Indonesian 

pe~ple make also st&aw board and wrapping papers in small scale 

industries. 
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In th~ short pldnning, sack kraft paper and bleached kraft 

pulp mills will be built. 

For backirg up all of the pulp, paper an~ rayon industries, 

our institute makes the following activities: 

I) Conduct applied studies on the utilization of Indonesian 

fibrous resources for the cellulose industry. We conduct 

the experiment of pulping in laboratory or pilot scale, 

such as: 

the experiment in pulping of Glirisidia maculata at 

laboratory and pilot scale. 

- the experiment in pulping of Pinus merkusii and Pinus 

oocarpa. 

the experiment is integrated pulping of agricultural 

residue, i.e.: the use of rice straw as a fibrous raw 

material combined with the use of rice husk as an energy 

resource in the pulping process. 

- etc. 

2) Conduct training progranmes for technical staff of the 

cellulose industry. 

3) Condu~t studies on pollution abatement caused by cellulose 

industry. 

4) Promote cellulose technolcgy by cooperating with other 

agencies, either national or international in research 

studies and other scientific activities. 

• 
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It gives us ~reat pleasure that UNIDO is holding this 

conference in the developing region of the world. The topic of 

comparative pulping processes and monopulp process has been much 

talked of by the technocrats of the world. But for us the mair. thing 

is to decide what process is appropriate and what technology is 

suitable in the developing countries which have different geophysical 

and socio-economic conditions. 

w~ all know that paper is made out of fibre available from 

vegetation, may it be natural forest or agricultural produce. It 

may be wood or grass in the natural forest or bagasse, straw grass 

etc. in cultivated land. Consumption pattern of wood as shown in 

Annexure 1 indicates that in 1980 soft wood consumption all over the 

world was 365 milli~n H3 against that of 123.4 H3of hardwood. This 

may be due to the fact th~t the advanced countries in the northern 

part of the world are endowed with soft wood forests mainly conifers 

which have long fibres conveniently processed. Hardwoods, on the 

other hand are situated in trc~ical countries or the southern 

h~misphere. Hardwoods are shortf ibred, difficult to pulp and bleach. 

Naturally the age old traditional technology that was developed for 

softwoods needs a change or modification to suit the hardwoods. 

There is one more factor to be considered seriously. Population 

density is higher in the hardwood growing regions as COllipared to 

softwood regions. Han's basic needs of food, clothes and shelter have 

to depend on nature either forest or agriculture. Naturally the pressure 

on land and forest to meet the basic needs is greater in tropical 

countries or southern parts of the world. In other words, land/forest 

areas available per capita in Europe, America, Canada etc. is very 

high compared to that in the developing countries. In India yet 

another use of wood is predominant in the form ol fuel and we have only 

37 % of wood available for pulping (Annexure 2). 

• 
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The ~trength characteristics of soft wood pulp are far better 

than those ot hardwood ones.(Annexure - 3). The countries in tropical 

region or southern part of the world now cannot survive on the technology 

devrloped over years in U.S.A. Canada or other European countries which 

have a different culture and different environment from that of ours. 

We have to develop our own technology, equipment, pulping and bleachi11g 

proc~sses to suit our raw material. 

Softwoods have a great advantage of shorter life-cycl~, i.e. 

5-10 years for wood species and 4-10 months for agricultural products. 

Availability of wood can be increased per hectar by adopting high 

density plantation for some fast growing species like subabul, Sisbania 

grandiflora, Eucalyptus etc. By adopting these species in social 

forestry pressure on forest land for fuel can be reduced considerably 

as fuel and fodder will be grown on their land. Captive plantation for 

paper industry can yield wood to the tune of 50 MT/Ha/year. Eucalyptus 

plantation in 30000 Ha is sufficient for a 300 T.P.D. mill in perpetuality. 

Subabul plantation in 5,000 Ha can meet the demand of 200 T.P.D. ~ill 

like Nepamills. 

Over and above these methods of producing more wood in the 

limited area 0f land available for allowing greater quantity of wood 

going for pulp and paper industry, we have to look to processes which 

yield more fibre and less pollution. Recently some high yield processes 

have been developed like 90:90. 

i) Semi chemica 1 

ii) Mechanical 

iii) Cold Soda Pulping 

iv) Refiner mechanical 

v) Thermo mechanical 

iv) Chemi thermornech~nical 

In all these processes att~mpt has been made to reduce the 

costly chemical consumption and to substitute these chemical~ by 

some form of direct energy. A bal~nce is to be struck between the 

various tactors of ener~y consumption, steam, water, chemicals 

rf'quiri•m1•nr ,ind pnllurior. C'lf1·<·rs ilS wt•ll ;is t.hr yit·ld and srrPn~th 
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properties of various available raw material (Ann~xure 4 &Si to arrive 

at the optimum processes. Some species like subabul, Euc~l}ptus have 

~hown good results by ~old soda/CHP/CSRHT process giving 80 % yield 

and 75 - 80 % 1.S. brightness as well as acceptable strength proper

ties for newsprint grade. 

Nepa Paper Hills and Mysore Paper Hills are making newsprint paper 

by adopting cold soda process and wher~as H.P.C. is following thermo

mechanical p11lp process. Stone ground wood process is also used in 

Nepa Hills for making pulp from hardwood. 

Recently Tamil Nadu Paper and Newsprint Ltd. have set up a 

writing printi~g newsprint project having capacity of 300 tons/day, 

based on unconve;r~onal raw material using more than 75 % bagasse 

pulp. 

The brief process adopted in Nepa paper mills developed over 

a year is given below. 

Bamboo of 10 - 20 % moisture is chipped in Papco chipper to 

produce chips (of size 15 - 20 mm x IO - 15 mm x 3-8 mm). The chips 

are cooked with I~ - 15 % active alkali to produce pulp (50 % yield) 

of 23 KMn0 4• This pulp after washing and screening is bleached in 

conventional bleaching system of CEH sequence. 

Initially cold soda pulp was being made from Salai but due to 

vr.ry short fibre (.8 mm fibre length) the pulp produced was of very 

inferior quality, BF-4-5, TF-20-25, BL-1200-1400. 

Bamboo was t:ied in cold soda plant and the results were quite 

encouraging. Bamboo ~hip3 from chi?per are soaked in caustic 
I) 

(26 gpl at 70 C) for about two hours. The impregnated chips are 

refined in two stages to produce pulp of 400 - 450 CSF freeness. 

This pulp is screened and bleached with 10 % to 12 % Calcium Hypo

chlorite. This is again refined to get a pulp at 200 CSP freeness 

having BF-12-TF-65-70, and BL-2500-2800 H, of course of 30 % ISO 

Brightness. (Block diagr~m attached, Annexure 6). 
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StoP€' Ground Wl•Od procl'ss is used for making pulp fro'!l hard 

wood. Debarked logs 4' x 4" to 12" 0 3re are grou11d on Great Northern 

stones to gN a pulp of 100 CSF, BF--2-3, Tf-18-20, BL-500- 600. 

Purchased fibre THP, CTHP/STHP/Paper Cutting are also used in the 

newsprint furnish to produce newsprint of Basis Wt. 52!2 BF-10, 

Tt"-50, BL-2200-2600. 

Number of hard woods were tried at Nepamills. All the three 

processes were adopted tor pulping. Wood suitability !~r particular 

process is given in (Annexure 7). Out of all the 3 processes 

availabl~ at Nepa, Cold Soda Process h.s proved to be the best for 

hard wood. The yield is about 75 to 80 % brightness of these 

pulps 60-70 % and the strength properties of the pulp are also 

acceptabli?. 

N.?pa has tried comparatively new species subabul (Leucaena 

leucocephala) on plant scale. The results are quite favourable. 

At 200 CSF/CSP pulp is having BF-18, TF-65, BL-3000-3400 Brightness 

achieved is 50-55 % ISO with only IO % Hypo. 

NON WOOD Fl BRES 

Hore than 200 units are using non-conventional raw materials 

such as cereal straw, kenaf, bagassc and waste paper. 

The Government is at present encouraging setting up of newsprint 

project based on deinking technology and have approved substantial 

capacity in this regard. 

Paper industry In India has l>een well established. In 1950 -

SJ there were seventeen paper mills, which increased to 75 units in 1975 

with install~d capacity of 23.5 lakhs tons. The production statistics 

which reflects the growth of Paper Industry is at(Annexure 8.) 

A significant feature of the present structure •per industry 

is the growth of Small Paper Hills. Since 1979-80 n•J1 .. "r of new small 

Industry having capacity of less th~n 10.000 tons/annum have been in

sr .:tl lE'd in vit•w of thl' libnal policy of thE' Govt. in announcing 

various n·laxar ion fri•m t iml' ro t imf' t.o h<•lp the indusr ry su-:1• ·· 
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(l) Importation of second-hand paper machine up to a capacity 

of 30 tons/day. This facility is however not available 

now. 

(2) Exemption from excise duty on the paper made of more ch3n 

75 % bagasse pulp. 

(3) Relaxation in excise duty to small paper mills. 

During the current year the increase in installed capacity was 

entirely due to small units, which now represent nearly 50 % of the 

total capacity •nd are based on utilizing unconventional raw materials 

like cereal s~raw, bagasse, waste paper etc. 

Demand of paper and paper board and newsprint has been 

assessed as under: 

•· ·ar 

1985-86 

1986-87 

1987-88 

1988-89 

1989-90 

Paper & Paper Board 
(lakhs tonnes) 

14.30 

15.01 

15.76 

16.55 

17.38 

Newsprint 
(lakhs tonnes) 

3.90 

4.13 

4.39 

4.65 

4.94 

The entire requirement of the country of paper and paper 

board is being met through i~digenous production except for 

speciality paper which is being in1ported. We are making about 

42 varieties of paper which generally classified under broad 

heading as underr 

(l} Printing Paper 

• '> Writing Paper 

(1) P~cking and wrapping paper 

(4) Other varieties of paper 

(5) Paper boarJ 

The production of pattern of these varieties during 1984 was: 
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{I) Printing Paper 23.08 't 

(2) Writing Paper 22.45 't 

(3) Packing and wrapping 
paper 37.24 't 

(4) Other varieties 2.68 't 

(5) Paper board 13.18 't 

'lbe production has also increased from 14.200 tonnes during 

1958 to 199,000 tonnes during 1984. 

To day therefo~e the basic need is how to make/economize the 

cost of good quality paper, particularly when the sustained availability 

of rav 11aterials to meet the long-term requirement of the paper industry 

has bern causing concern both from the point of view of meeting future 

requirements of paper, as well as the imperative need to arrest the 

decline of our natural forests. There is a need to strengthen research 

activities for: 

(I) Utilization of non-wood raw materials and their pulp mix. 

(2) To save energy inputs, high yield pulping and effluents 

control. 

(3} Optimization methods for saving in raw raaterial ::osts. 

In order to make the paper cheap, so that it should reach to 

everybody within their needj at comparative cost. 

In nutshell, it is concluded that, the process and quality 

control are t~e only tools to optimize an efficiency and to 

?roduce goods of exacting standard~ at minimum costs. 
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NH:XlJRE t«>. 1 

PRCXXX:TICXJ • Q960-2000J MILLIQ-: cua1~ ~~) 

1960 197() 1960 

Sofblood 177.7 299.2 305.Q 

Hard wood 32.6 80.7 123.I_ 

1UI'AL 210.3 379.9 49C.4 

Hard wood % 16 21 2!-1 

SClJRCE IPPI'A CDNVErmOO ISSUE 1983. 

tSE OF WOC>I) IN DDIA, 1975-76 

Item 

Industrial wood 

Fuel 'WOOd 

SOORCE IPPI'A CONVEm'IOO ISSUE, 1983. 

16.6 

25.5 

1990 2000 

462.4 615.1 

197.0 255.3 

641.4 870.4 

28 29 

AMECURE t«>. 2 

Percent 

37 

63 

100 
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ANt-re~"URr:: NO. 3 

S'ftm«ml PROP!R'l'IES ar CHEMICAL PULP OimREMl' HAr.Ot«XX>/BAMOOO/SPROCE 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

BriQhtnea PY 8~ 70 75 81 81 71 '13 70 '79 80 83 80 78/80 78/80 91 

Burst Factcr 40.3 55.2 44.l 42.3 47.3 2G 47.7 45.J 3~.ll 42 47 42 30 30 lCIO 

Tea Factor 75.2 54.5 67.8 64.2 89.7 57 57 50 59.l 6'/. 3 47 59 88 93 100 

lk'eakinQ 1.-,gth 5871, 9642 5418 5998 6854 4221 6709 6393 6951 ~n2 7710 7525 5200 4700 11,600 
Mc!tr• 

1. Accia planifrcns 2. Sf!sbania 9;miclifloi:;, 3. l\ca.::i decurrcn3 - I 4. Casb.n fistula 5. Eulj1enia tun\":ol ni 1a 6. Albbzia N 
V1 

7. Protiwn cauilatiwu a. Rhombadia tren~li~ 
-.,j 

). ~ patula I 

10. !!!!!!_ 1.-.dica ~qosa) 11. Pithacolobi•..1m ~ {·~a:l.11 1'1.""!e) 12. casuerina 
13. 8lllb>o 14. Eucalyptu~ 15. Spruce_ 

S<XR:E: - IPPTA ~1ly, Aug., Sept., 72 Vol., IX No. 3. 

/fltS/ 
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ANNEXURE NO. 4 

SCJo1E IMPORTANT P'ROPE~TIES OF PULP or.'l'!\:t:m:n F'RC~1 

Dirt'!RENT PROCF.sSES (RAW MATERIAL - ~:!\ ll)~ :rx'li) 

KRAFT c. .. ,.,.. ).,, . COLI> SODA '?CY .. ltJD W'XX) 

l. 'lield 45 SS.~5 85-90 90 

2. 13t'iqhtness 85 '15 75 70 

3. Opacity 75 '?.O 88 94 
I 

4. ~ar 90 7~ 65 llJ 
N 
Vt 
00 
I 

5. i\.!1:'$t GO ,.~~. 20 5 

50'.J!a IPPTA CQN'Em'ION TISSUE, 1983. 
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ANNE:~E NO. 5 

STRBN':."lY. P'PO~ERTIFS OF DEFFEPENT GRl\OES OF PULP rncx-1 ::; !''.'!L'C..~ 

Properties Kraft ~ .r;; 1. R.M.P. 'T'.M.P, 

2 
Te:n- Indl!X mN.m /g. 10 3 .1. \ S-6 

Tensile Index f'.kn/g. 112 2:.i 32 .:10 

i!ur!=t Index Kpa. m2 /o. 10 LI 1. ·~ 2 I 
N 

""' ~ 
Drightnes~ X. 90 ,';!J 64 62 I 
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TABLE 1 '.iHE Ni\TION.~t. NEWSFRim' ti PAPER MILLS LTD. Mit>l\Nf..C . .1.'\F\ Mi~ 

SUMMMY OF LABORl\'roRY TRIAl.S ON DIFFEP.EN'I' wooo SPECIES c~·.en in r.!~ ----·------------· ··-·-·--· .. S.N:>. 

1. 

PULPING 
PROCESS 

- ·--

SPEC!ES YIELDING SPECIF.s VIEi.DING SPECH:S VIF.(J)!NG SPECIES Yil::l.DING 
PULP S~CER PULP AS crxJO M PIJLP ~TROtJGr.:R T!ii\N PULP l\S 0000 t\S 
'11iAN SM.AI NO SALAI NO BLEl\CHIN<J SAf,.'\I :JUT NEED Sl\l.111. BUT W.EO 
BLEACHING NEEDED RWJIRED ~' .. ~ACi-illJ":i BLEACHINO 

....... -·· ----------------··---·--·------·------
MEaiANICAL 1. ALLAN'nU.5 EXCEl$A l • ANTitOCEPHl\L 

NL5 Cl\01\MBA 
Cl\ ADAMS) 

1. r.i:i::r.;pvm:.s MF. l • IL1·".:l\LYP1\IS PJ:r.r: FROM HIMA-
PULPING (MAHARUKH) 
sm'JE 
mu.JN!) 

'«lQ[) 2. M..Biz;:rA PROCERI\ 
(SAFE".· S IRIS ) 

3. ORQUS:;ONETIA 
PAPY~!EERA 
<Pl\PEP. MULRERRY) 

4. CRYPTGTERIA 
J,'\PONICA 

S. EUC1'\LYP'IUS GRANOIS 
CNILGIRI) 

6. FIR (INDIAN) 

7. PiniECOLODIUM 
Sl\Mt\N <RAIN TREE) 

8. POitCIANI\ RF.GIA 
(ClJUQiAFt) 

9. RICil\US CCM«JNIS 
CCl\S'IY.R OIL Pl.Am') 

• • 

2. Btrl'EI\ FRONlXl'3!1 
(PALAS) 

3. 01\LRF.RG!A 
PANNI~"tJLNr/\ 
(F1\~I) 

4. ER'flliREN/\ 
SUBEW.-.51\ 
(O!\t'/\LI\) 

S. FICllS RELIGIOSI\ 
(PIP1\L) 

6. GERUCI\ PINNA'!'~ 
CKAKAD KHARPl\T) 

7. tiYMEOOOICT'{ON 
EX~l.SUM 
CEll10NPSAL) 

8. LJ\CER3TRONEMIA 
PARVIf'LORA 
(LENDII\) 

9. t«>RINGA PTl::RY 
<D)PERMA 
~GA) 

w: X'li:'ll.f)N 
(TI:i iD~) 

2. 1.1~t.:r.11 ,·,zr·:m:: 
~T\·:r .. 1 

(''.; ·,·:/\IN) 

3. r_r, .,. ~i\ "iR.l\NOI3 
N:.-,·t,1'1) 

•l. 7 :::~ l.CM11f,,II\ 1") 
:.;.;:!:'~j·.;;, 

~';.\,!) 

5. XY' .. '!. ;, X'(LJ:> 
c;,':'~r>;, 

liYBRID c:-t,'\!.. rRt1DESl-f 
(NILOIRI) GI\\,',~ 0000 PULP 

i~'J r FRF.QUEr-rrLY 
2. P'J'EHOCi\P.PUS r:L.CG E..'O 'Im S'I'O

ME:RS!JPIUM 'm. ITS LSE IS 
(BI,J 1\) '!"-~~REF'ORE NOT 

r.:::•:".'.: !!·IEN!)EI) ~ 
S't':'.".::l:, ~OUND 
·":,..,.!). 

I 
N 

g 
I 
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TABlE l tan'. 

2. cow 
CAtSTIC 
SOOA 
PULPil'l'j 

10. SPRUCE (INDIAN) 

11. 'raRMINALIA ARJUNA 
(ARJUN) 

1. ALBIZZIA PROCER/\ 
fSAFED S .1US) 

2. HIBISOB CANNI 
BINl.5 
(MESTA. ,,MBADI) 

3. OP'~;. CARNEA 
(rESHA:~,\M Gil\OP/\N) 

4. Pl'm&..""WBIUM 
SflMAN (RAIN 
TREE) 

5. POINCll\NA REGti\ 
(QJl>10Hl\R) 

6. SFSBANIA,GRANDIFLORA 
(AG1\THI) 

7. TERMINALIA 
ARJUNA (AR.JUN) 

l. Cl\$ IA S IAMIA 

2. OICSPYROS 
M~l..OOOXYl..VN 
(TENDUJ 

3. Li\GEPS~OC:·lii\ 
PARVIFl.ORA 
(LENDif1) 

4. P.TERO':/\~t'U"l 
r.JEAAlJni.lf.1 
m1.:·;,> 

5 • 't'EC'IDN/.\ (m AND I.'J 
fS /\G"JN-Ql\IL'f 

I.DPS & T:>P.S ) 

~-/"~ 
·-

1. EUC/\LYP'IU~ GR/\N'>IS l. /\CACU\ rtNT:: rnOM HIMA 
(Nil..GIRI) ,'\t.Jll:".f.:ULI CHi\t., PR/\DESH 

p)qMI3 GAW <DOD 
2. CT.IBI\ PEflJ't"ENnRI\ 2. E\JC/\f_,'/ o•rnc; PULP Bt.rr 

(KOPAK) HY BRIO 'lllE REFINED 
(tJILGTRJ.) DISCS BY 

s·rtCKING. 
3. l1ELit1 1\ZEDf:: UST-: NOT 

r. .. \CH (?..\!\,\TN) rtECOMM'!:NOED 
r:v.:'? COLD 
SOP/\ PULPING.~ 

''. 't'!:;:·U•1INl\L~T :\ 'fYl.1F:l'mlSA 
C'3i1.T) 

S. i:"•'f.,I 1\ S YT..OC1\RP!\ 

SD- R.P. OOIJR 
CHIEF <":HE'.M IST. 
24.11.1~~0 

"" -I 
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. AnnCXUCC 8 

< • 

Yea::: Inst al lee Prcxioction No.of units 

Caf-JCity (lakhs tonnes) 

tlet .hS ;-,..,:- I!'?.;) 

) -
1970 " ::.r; 7.58 ...... - . 

1971 6.66 7.80 

197t' 9.53 C.03 

1973 9.62 7.96 

1974 1 u .o~ B.37 

197'.> 10.6~; e.29 75 

197& 10.68 B.80 75 

197"1 11.37 9.36 75 

1~78 12.65 10.06 86 

1979 13.SO 10.47 106 

1980 15.3f· 11.12 121 

1981 16.56 12.35 136 

198] 18.16 12.36 157 

1983 19.15 11.97 175 

1984 21.65 13.71 220 

1985 23.5 14.5 249 

-· 
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COUNTRY PAPER 

PAKISTAN 

PULP AND PAPER INDUSTRY IN PAKISTAN 

USING CHEMICAL PULPlNG PROCESSES 

prepared by 

Mohammad YOUSUF 
(Pakistan Paper Corp., ChJrsada, Pakistan) 

and 

Saiful MALOOK 
(Century Paper-Board Mills Ltd., Lahore, Pakistan) 

and 

Syed Amjad ALI 
(Century Paper-Board Mills Ltd., Lahore, Pakistan) 
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PULP AND PAPER INDUSTRY IN PAKISTAN 

Prospects of growth in the field of pulp and paper in Pakistan 

are bright - as a number of new mills are corning up. Until recently, 

the local production of paper/board has been largely provided with 

·contributions by the following mills: 

Pakistan Paper Corporation:(Conanissioned in 1971) 

100 tons per day writing/printing paper, 

based on bagasse - integrated with chemical 

recovery and a caustic chlorine plant. 

Adamjee Paper/Board Hills: (Conanissioned in 1963) 

Packages Ltd: 

25 tons/day writing/printing paper, 

and 50 tons/day board. 

(Conanissioned in 1968) 

20 t/day writing paper 

50 t/day corrugated media & liner boards 

5 t/day tissue & poster paper 

45 t/day box board & food boards. 

In recent years, there is a growing trend among the local 

entrepreneurs of installing small waste paper based, second hand 

units purchased from Europe. About 5 such paper mills have already 

come into partial production or are in the stage of conanissioning. 

Production capacity of individual mill is 20 - 40 tons per day 

writing/printing grades. 

In addition few other mills are in the stage of construction 

or planning, which are based on chemical pulping processes are as 

under: 

·- Kamalia Paper Project 200 tons per day writing/printing paper 

to be based on bagasse by public sector. 



< • ) 

- Century Paper/Board: 

-265-

120 tons per day 

Based on neutrai su~phite pulping of wh~at 

straw and Kahi grass with product range 

from tissue, poster offset paper to box 

bo3rds & food board. 

- Another mill with 100 tons per day writing/printing to be based 

on bagasse based for production of extendable 

cement sack paper in private sector. 

By and larbe, the major raw material for pulp product~on is 

bagasse or wheat straw and Kahi employing soda or sulphite ~rocesses. 

Availability of bagasse for pulp making has diminished, as the 

sugar mills supply bagasse are forced to use it as fuel due to 

country-wide curtailment of natural gas during the peak season. 

This situation is likely to persist for some time. So the wheat 

straw has become single major source for pulp production and is 

available in abundance. 

One particular paper mill, which at present is the largest in the 

~ountry, was based on bagasse only, and with a chemical recovery 

process. Bagasse is supplied to the four paper mills located in 

30 - .50 km radius. With bagasse in short supply, this mill has been 

forced to change over to wheat straw, partially or fully. 

Unfortunately, however, the major sources of supply of wheat straw 

are 300 - 400 km away. The mill is facing a major problem of 

producing local pulp at economical cost-one major reason being 

the raw material - costing around US$ 50 for each to .. of wheat 

straw. 

Chemical Recovery at Pakistan Paper Coreoratio_~ 

There is a recovery boiler with a direct contact venture/scrubber 

evaporator following a multiple effect evaporation plant. The system 

has an inherent design problem. Ever since the mill was commissioned 

in 1970, the recovery boiler n~ver operated on its de~igned capacity, 

due to problems of handling the black liquor viscosity encountered 

beyond 52 i concentration. So the system is not capah"e of sustained 

operation and rendered uneconomical. 
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Pulp Mills 

Pakistan Paper Corporation. 

The pulp mill, after bagasse depithing (SPH) and vet cleaning 

operations consists of a horizontal tube cont{nuous digester 

followed by a three stage brown stock washing, a centrifugal screen. 

centricleaner plant and finally a three stag~ bleaching chlorine 

- alkali - hypo. Use of wheat straw in the existing system is found 

to be retarding factor for pulp mill. A reduction of 10 - 15 % in 

capacity is experienced as compared to the bagasse. 

Recently, improvement has been achieved in the operation of 

pulp mill as a result of which, the mill is now depending more and 

more on the locally produced pulp. At present about 60 ~of bleached 

local pulp is being used in the paper furnish. The problem with the 

recovery system remains, in fact, it will be aggrevated with more 
I 

capacity utilization in further. The mills management is very anxious 

to operate the recovery system at optimum level and to balance the 

same with the pulp mill. 

Good Bagasse storage, aging and handling systems are the key factor 

for successful operation of a bagasse pulp mill. Ideally, the 

bagasse must be depithed as soon it is delivered from the sugar mill. 

Compacted pile storage system is found to be a convenient method of 

storage, but elaborate arrangements are required for distributed 

stocking and reclaiming of the material. For this purpose mobile 

stackers are suitable. 

lt is experienced that 3 - 6 weeks aging of depithed bagasse 

produces better results in pulping, in respect of, pith removal 

in wet depilhtng stage, yield, washing efficiency and black liquor 

quality. Bagasse yield from the green bagasse to be depithed 

obtained about 32 %. 
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ASSESSMENT OF VIET NAM'S PRESENT PAPER INDUSTRY 

l. Position of Paper Industry in National Economy 

Education is an urgent demand in the social life. The 

Vietnamese are fond of studies, three among ten are studying. 

The development of paper industry therefore will respond not only 

to the need of the development of other branches of the national 

economy but also to the demand as necessary as for clothing and food 

of the population. 

Paper making existed in Viet Nam for a long time, but the 

method was still rudimentary and the total output was rather low 

in this century. Before 1945 there was only one factory for the 

whole country. The total output of paper in Viet Nam in 1939 was 

nearly 6,000 tons. 

Viet Nam's paper industry had started to develop since 1960, 

but it was later heavily destroyed i.1y the war. 

After the country was •eunified, its paper industry resumed 

development with the output of 85.00C tons of paper/year - an1 the 

output of pulp was only 44,000 tons/year. Since 1978 the proJuction 

of pulp had ir.creased in southern Viet Nam. Before 1975, the am0ur.t 

of pulp produced at home was only 5 % oi the need, ~ut in 1978, the 

pulp output increased, making 45 % of lhe need. 

In 1981, the Vir.h P~u paper mill began to produce. But due to 

the sharp decrease of the amount of imported pulp and the lack of 

other materials at nome, the 1984 output was around 71,000 tons (the 

record paper output was 90,900 tons in 1976). 

The c. ~;:..'-It value of the paper iudu&try keeps J modest posit5.on 

in ~h" r1ational eccnomy: from abo•Jt 1 - 3 perre .. t of the indcstrial 

total vall ..... 

• 

• 
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The actual paper output per capita is very low, about l - l.5 kg 
per year. 

A numbPr of high-quality paper must be imported; some of the 

paper for culture is not whitened enough thus badly cftecting the 

quality of publications. 

2. Capacity of P~oduction 

The total pulp production capacity at present is 116.500 tons/year. 

But it increases to 156.500 tons/year when the expansion prJject of the 

Han Hai paper mill is completed. 

The present total paper production capacity is 154.000 tons/year, 

but it can rise to 184.000 tons/year when the new THP plant of the 

Tan Hai mill will be completed. Even that time the country will be 

short of 15 % of pulp to proJuce paper. 

3. Level of Technique 

The existing paper mills have different technical levels. 

They can b~ classified into 5 categories: 

- High automatic technique, good equipment: The Vinh Phu mill 

(48.000 tons of pulp and 55.000 tons of paper a year). 

- Medium level technique with relatively good e~uipment: The 

Tan Hai and Dong Nai mills (17.500 tons of pulp and 

40.000 tons of paper per year}. 

- Rather olJ technique with old and easily out-of-orde• equipment: 

State-run mills in northern Viet Nam (25.000 tons of pulp and 

32.160 tons of paper per year). 

- From medium to low technique, equipment of bad quality: 

State-run mills in southern Viet Nam (15.300 tons of pulp 

and 20.000 tons of paper pP-r year). 

- Low technique, home-made equipment small mills with total of 

8.000 tons of pulp and 6.500 tons of paper per year. 
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4. Process and Equipment 

The process of producing sulphate pulp remains monotonous and 

therefore the effect of using its pr~ducls and material is limited. 

Except the Vinh Phu mil 1 with chemical recovery equipment, all 

other mills have no such equipment thus causing pollution to the 

environment. 

The ~onunon cooking digesters are the batch digesters with a 

small capacity of 8 - 25 cubic metres. 

The screening systems are below technical requirement thus 

reducing the quality of products. 

POSSIBILITIES OF DEVELOPMENT OF PAPER INDUSTRY IN VIET NAM 

1. Possibility of Development 

Over the past few years, the development of paper producing 

branch in Viet Nam had to face many difficulties. The real 

possibilities, however, have shown many respects for the development 

of this branch. 

Raw Material 

Bamboos and wood: there are about 7.3 million hectars of 

fore~t in Viet Nam, and 2.2 million hec:ars among them remain 

unexplJited. Besides, there are 10.7 million hectars of uncovered 

land Cipable for planting forest. Thus, the total areas of planting 

forest account to 60 per cent o( the total planted forest. The 

material supply for paper produci~g branch in Viet Nam remains a 

great problem at present. But it will be of no concern if the 

present bases are duely invested and if forest is planted in the 

areas of uncovered hills. 

' 

• 

• 
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Soda and other Chemicals 

At present there are ) soda-producing mills in Viet Nam: 

The Vinh Phu paper mill, the Viet Tri chemical producing factory 

and the Dong Nai soda producing workshop. These mills are producing 

soda supplied for paper branch in our country. As for the Vinh Phu 

paper produc~ng mill, if operated at the output as designed, it can 

produce not only enough soda for self-supply but also produce 2.000 

tons of more soda for sale. The designed output of the Dong Nai 

soda-producing workshop is 3.000 tons per year and that of the Viet 

Tri chemical producing fa~tory is 4.700 tons per year. The ever

increasing developm~nt of paper producing branch may face 

difficulties b~t the possibility to solve this problem is easily 

achieved by collecting the soda remaining from the two big producing 

~oda bases in Viet Tri and Dong Nai provinces. 

Kaolin 

Kaolin is consid~red as the best material for both purposes: 

to improve the whiteness and smoothness of paper and to be the 

best filler for paper producing industry. There are many kaolin 

mines in Viet Nam, but it's a pity that this kind of material has 

been rarely used in most of the paper-producing enterprises in 

this country so far. 

2. Present bases and lP.vel of technique 

Present Bases 

As it is mentioned above that most of equipments are old and 

out-of-order but it still constitutes favourably for the development 

of paper industry in Viet Nam. The total output of 100.000 tons per 

year, the present structure of organization, buildings and labour 

forces and so on constitute favourable sources for the investment 

and develcpment of this branch. 
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Level cf Technical Profession 

At present there are 30.000 cadres and workers - vho are 

working in this branch. Host of them are very gryod at their 

wo~k. 1.000 a.ang them have been working in paper industry for 

3 years running, 400 others have been trained at the universities 

eith~r at hOlle or from socialist countries. 

The output of paper producing branch should be increased 

so ~s to meet the requirement of th~ development of industry and 

national income i" the following years: 

1986 1990 1995 

Requirement 105.000 tons 135.000 tons 176.000 tons 

The main requirement of paper is the paper to be used for printing 

newspaper and text books. 

ORIENTATION OF THE DEVELOPMENT OF VIET NAM'S PAPER INDUSTRY 

1) Objectives 

By gradual preparation of raw materials, chemicals and other 

malerial and technical b~sis to develop the production of paper, 

chfef ly from the internal supply of materials, in order to meet 

the requriement of the national economy in paper, first of all, 

the paper for cultu•e, then the cardboard and wrappiag papers, 

and to reduce the import of these materials and gradually get 

self-sufficient most of the home consumption. 

The i..ediate objective is to cut down the quantity of 

imp~rted paper pulp. 

Further objective is to get D proportio~ in the import and 

export of pape1·. 

' 

• 

• 
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2) Investment 

Building some more large-scale and modernly equipped paper 

pulp factories which have a close cycle system of production, fin1 

a sol~tion to the improportion in the production of paper and pulp, 

to the pollution of the environment, raise the economic efficiency: 

the first phase with a target of output of 20,000 - 30,000 tons per 

year, then to 50,000 tons per year. 

Making full use of available establishments which have 

fQvourable sources of materials and energy, and are able to avoid 

the pollution, so as to make intensive investment (The Viet Tri 

Paper mill produces wrapping papers, tl1e Van Diem Paper Hill 

produces cardboard, the Dong Nai paper mill produces duplex 

carton, the Tan Hai mill produces paper for printing and pulp). 

Pushing ahead the investment in building small-sized mil 1 

each with a capacity ranging from 300 to 1,000 tons per year to 

produce paper for local r~quirelllt!nt in remote areas. 

3) Raw Materials 

Making best use of the favourable tropical 1110nsoon and the 

differences of the land surface which are suitable to the 

favourable for the grQwth of both long-term and short-term groups 

o! vegetation in order to set up, as soon as possible, special 

areas capable of supplying sutf icier.t material for large-scale 

production. 

Expanding the cultivation of cro~s of multiusage for 

various branches of production such as sugarcane, jute, straw. 

4) Process and Equipment 

Raising the quali:y of pulp produced at the pulp-producing 

mills by applying the methoJ of ~ulphate, concentraeing the manufacture 

on the mills with output of more than 10,000 tons/year so as to 

meet Lh~ r~quirements of producing items of public needs (printing 
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pap~r, wrapping paper), at the same time supply pulp for nearby 

small-sized mills to avoid the pollution, to make use surplus 

energy, to raise the efficiency of materials, reduce the cost 

ol production. 

Appl~ing the methods ~f producing mechanical pulp (MP), 

temperature mechanical pulp (TMP) or chemi-thermo-mechanical 

pulp (CTHP) to the manufacture of printing paper cardboard and 

paying more attention to the use of non-wood raw materials. 

Applying new production method such as coating the 

surface with glue, plating a thin membrane on papers so as to create 

new characters for paper and carton, and enriching the resources 

of paper articles, all to meet the needs in industrial production 

and daily life. 

Supplying spare parts and supplement equipment for the repair 

of a number of principle appliances at facto~ies which have been 

put into operation and they are now scill possible to promote their 

effect. 

5) Economization of Materials, Energy and Chemicals 

The construction of large-scale, close-cycle systea of 

production enterprises permits the paper industry to become self

proportion~te with regard to chemicals and energy, and reducing the 

cost of production. 

Redu~ing the grams per square metre of the paper being put 

into use. 

Increasing the use of kaolin in replacement of parts of the 

vegetation fibrr.. 

Using more waste paper (on!y 13 per cent of which is now used). 

, 

, 
• 




