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∆Ô˘ Ã·Ú¿Ï·ÌÔ˘ §˘Î›‰Ë*

ª
È· ·fi ÙÈ˜ ÛËÌ·ÓÙÈÎfiÙÂÚÂ˜ ‰ÈÂÍfi‰Ô˘˜ ÛÙÔ Úfi‚ÏËÌ·

ÙË˜ ‰È·¯Â›ÚÈÛË˜ ·ÔÚÚÈÌÌ¿ÙˆÓ ·ÔÙÂÏÂ› Ë ·Ó·Î‡-

ÎÏˆÛË, ÂÍ·ÈÙ›·˜ ÙË˜ Î·ıÔÏÈÎ‹˜ ÙË˜ ·Ô‰Ô¯‹˜ ·fi ÙÔ

ÎÔÈÓfi. ∏ ·Ó¿ÎÙËÛË Î·È Â·Ó·¯ÚËÛÈÌÔÔ›ËÛË ÙÔ˘ Í‡ÏÔ˘

·Ï·ÈÒÓ Í˘ÏÔÏ·ÎÒÓ ÛÙËÓ ·Ú·ÁˆÁ‹ Ó¤ˆÓ, ·ÔÙÂÏÂ› ÙËÓ

Ï¤ÔÓ ÔÚıÔÏÔÁÈÎ‹ ‰È¤ÍÔ‰Ô ·ÍÈÔÔ›ËÛË˜ Ù¤ÙÔÈˆÓ ·ÔÚÚÈÌÌ¿-

ÙˆÓ. √ ¯ÂÈÚÈÛÌfi˜ ÌÂ ·ÙÌfi (¿ÙÌÈÛË ‹ ˘‰ÚÔıÂÚÌÈÎfi˜ ¯ÂÈÚÈÛÌfi˜)

ıÂˆÚÂ›Ù·È ÌÈ· ÈÎ·ÓÔÔÈËÙÈÎ‹ ÙÂ¯ÓÈÎ‹ ÁÈ· ÙËÓ ·Ó¿ÎÙËÛË ÙÔ˘

Í‡ÏÔ˘ ÙˆÓ ÌÔÚÈÔÏ·ÎÒÓ fiˆ˜ Î·È ¿ÏÏˆÓ Í˘ÏÔÏ·ÎÒÓ Ô˘

Î·Ù·ÛÎÂ˘¿˙ÔÓÙ·È ÌÂ Û˘ÁÎÔÏÏËÙÈÎ¤˜ Ô˘Û›Â˜ Ô˘Ú›·˜-ÊÔÚÌ·Ï-

‰Â˛‰Ë˜. ¶¤Ú· fiÌˆ˜ ·fi ÙÈ˜ ‰˘Ó·ÙfiÙËÙÂ˜ ·Ó·Î‡ÎÏˆÛË˜ Ô˘

ÔÈ ˘‰ÚÔıÂÚÌÈÎÔ› ¯ÂÈÚÈÛÌÔ› ÚÔÛÊ¤ÚÔ˘Ó, Â›Ó·È ‰˘Ó·ÙfiÓ, ˘fi

ÚÔ¸Ôı¤ÛÂÈ˜, Ó· ÂÚÈÔÚÈÛÙÂ› ÛËÌ·ÓÙÈÎ¿ ÙÔ Ê·ÈÓfiÌÂÓÔ ÙË˜

¤ÎÏ˘ÛË˜ ÊÔÚÌ·Ï‰Â˛‰Ë˜ ·fi Ù· ·Ó·Î˘ÎÏˆÌ¤Ó· ÚÔ˚fiÓÙ·

Í‡ÏÔ˘.

™Â ¤ÚÂ˘Ó· Ô˘ Ú·ÁÌ·ÙÔÔÈ‹ıËÎÂ ÛÙÔ ∂ÚÁ·ÛÙ‹ÚÈÔ ¢·ÛÈÎ‹˜

∆Â¯ÓÔÏÔÁ›·˜ ÙË˜ ™¯ÔÏ‹˜ ¢·ÛÔÏÔÁ›·˜ Î·È º˘ÛÈÎÔ‡ ¶ÂÚÈ‚¿ÏÏÔ-

ÓÙÔ˜ ÙÔ˘ ∞ÚÈÛÙÔÙ¤ÏÂÈÔ˘ ¶·ÓÂÈÛÙËÌ›Ô˘ £ÂÛÛ·ÏÔÓ›ÎË˜, ‰ÈÂ-

ÚÂ˘Ó‹ıËÎ·Ó ÔÈ ÂÈÙÒÛÂÈ˜ ÙˆÓ Û˘ÓıËÎÒÓ ˘‰ÚÔıÂÚÌÈÎÒÓ ¯ÂÈ-

ÚÈÛÌÒÓ ÌÂ ÙÔ˘˜ ÔÔ›Ô˘˜ ·Ó·ÎÙÒÓÙ·È Í˘ÏÔÙÂÌ·¯›‰È· ÌÔÚÈÔ-

Ï¿Î·˜, ÛÙÈ˜ È‰ÈfiÙËÙÂ˜ ÙˆÓ ·Ó·Î˘ÎÏˆÌ¤ÓˆÓ ÌÔÚÈÔÏ·ÎÒÓ

Ô˘ Î·Ù·ÛÎÂ˘¿ÛÙËÎ·Ó ·fi ·˘Ù¿. ∂›ÛË˜, ‰ÈÂÚÂ˘Ó‹ıËÎ·Ó ÔÈ

ÂÈÙÒÛÂÈ˜ ÛÙÈ˜ È‰ÈfiÙËÙÂ˜ ÌÔÚÈÔÏ·ÎÒÓ Ô˘ ÚÔ¤Î˘„·Ó ÌÂ

‰Â‡ÙÂÚË ·Ó·Î‡ÎÏˆÛË ·ÎÔÏÔ˘ıÒÓÙ·˜ ›‰È· ÌÂıÔ‰ÔÏÔÁ›· ·Ó¿-

ÎÙËÛË˜ Í˘ÏÔÙÂÌ·¯È‰›ˆÓ Î·È ·Ú·ÁˆÁ‹˜ Ï·ÎÒÓ. ∏ ¤ÚÂ˘Ó·

By Charalambos Likidis*

O
ne of the most appreciable solutions for the problem

of waste management is recycling. To regain and re-

use wood from old wood-boards in order to produce

new ones, is the most rational way to exploit that kind of

waste. Applying water steam (hydrothermal treatment) is a

good technique to regain woodchips from boards, which are

made with welding substances as urea-formaldehyde.

Except the recycling possibilities that hydrothermal

treatment offers it is possible -under conditions- to

significantly reduce the formaldehyde content from the

recycled wood products.

In the research that was made by the Forest Technological

and Natural Environment Laboratory of the Aristotelio

University of Thessaloniki experiments were performed to

detect the effects of the hydrothermal treatment, through

which woodchips are regained, to the properties of the

recycled chipboards that there were made of them.  Then a

second experimental recycling (on the already recycled

boards) was performed using the same method. The

research was made under the supervision of Pr. Athanassios

Gregoriou.

To perform the research Laboratory, chipboards were

made (code 0) with raw material from a manufacturing

industry. The origin of wooden chips was from breakage of

mixed poplar, fir, pine wood and from used wood.  The
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™˘Ó‰˘·ÛÌfi˜ ÔÈÎÔÓÔÌÈÎÔ‡ ÔÊ¤ÏÔ˘˜ Î·È
ÔÈÎÔÏÔÁÈÎÒÓ ·ÔÙÂÏÂÛÌ¿ÙˆÓ 

A combination of financial profit and
environmental benefit

¶Ò˜ Á›ÓÂÙ·È ·Ú·ÁˆÁ‹ ÌÔÚÈÔÏ·ÎÒÓ ÌÂ ÌÂÈˆÌ¤ÓË ¤ÎÏ˘ÛË ÊÔÚÌ·Ï‰Â˛‰Ë˜ ·fi ˘‰ÚÔıÂÚÌÈÎ¿
·Ó·Î˘ÎÏˆÌ¤ÓÂ˜ ÌÔÚÈÔÏ¿ÎÂ˜

Chipboard production with decreased formaldehyde emission from recycled chipboards. 
How it is done

ÙÂ¯ÓÔÏÔÁ›· - technology



Ú·ÁÌ·ÙÔÔÈ‹ıËÎÂ ˘fi ÙËÓ Â›‚ÏÂ„Ë ÙÔ˘ Î·ıËÁËÙ‹ ∞ı·Ó¿-

ÛÈÔ˘ °ÚËÁÔÚ›Ô˘.

°È· ÙË ‰ÈÂÍ·ÁˆÁ‹ ÙË˜ ¤ÚÂ˘Ó·˜ Î·Ù·ÛÎÂ˘¿ÛÙËÎ·Ó ÂÚÁ·ÛÙË-

ÚÈ·Î¤˜ ÌÔÚÈÔÏ¿ÎÂ˜ (Îˆ‰ÈÎfi˜ 0) ÌÂ ÚÒÙÂ˜ ‡ÏÂ˜ ·fi ‚ÈÔÌË-

¯·Ó›· ·Ú·ÁˆÁ‹˜ ÌÔÚÈÔÏ·ÎÒÓ. ∆· Í˘ÏÔÙÂÌ·¯›‰È· ÚÔ‹Ïı·Ó

·fi ıÚ˘ÌÌ·ÙÈÛÌfi Ì›ÍË˜ Í‡ÏÔ˘ ÏÂ‡ÎË˜, ÂÏ¿ÙË˜, Â‡ÎË˜ ·ÏÏ¿

Î·È ¯ÚËÛÈÌÔÔÈËÌ¤ÓÔ˘ Í‡ÏÔ˘. ø˜ Û˘ÁÎÔÏÏËÙÈÎ‹ Ô˘Û›· ¯ÚËÛÈ-

ÌÔÔÈ‹ıËÎÂ Ë Ô˘Ú›·-ÊÔÚÌ·Ï‰Â˛‰Ë ÎÏ¿ÛË˜ ∂2, ÛÂ ÔÛÔÛÙfi

7% ·Ó¿ ÍËÚ‹ Ì¿˙· Í˘ÏÔÙÂÌ·¯È‰›ˆÓ Î·È ˆ˜ ÛÎÏËÚ˘ÓÙ‹˜ ¯ÏˆÚÈ-

Ô‡¯Ô ·ÌÌÒÓÈÔ (NH4Cl). √È Ï¿ÎÂ˜ ˘¤ÛÙËÛ·Ó ˘‰ÚÔıÂÚÌÈÎÔ‡˜

¯ÂÈÚÈÛÌÔ‡˜ ÁÈ· ·Ó¿ÎÙËÛË ÙˆÓ Í˘ÏÔÙÂÌ·¯È‰›ˆÓ ÛÂ 4 ‰È·ÊÔÚÂ-

ÙÈÎ¤˜ Û˘Óı‹ÎÂ˜ ›ÂÛË˜ - ıÂÚÌÔÎÚ·Û›·˜ - ‰È¿ÚÎÂÈ·˜. √È Û˘Óı‹-

ÎÂ˜ ·˘Ù¤˜ ‹Ù·Ó: 2 bar/119ÆC/480min, 4 bar/140ÆC/120min, 6

bar/156ÆC/45min and  8 bar/167ÆC/20min. 

ªÂ Ù· Í˘ÏÔÙÂÌ·¯›‰È· Ô˘ ·Ó·ÎÙ‹ıËÎ·Ó ·fi ÙÔ˘˜ 4 ‰È·ÊÔ-

ÚÂÙÈÎÔ‡˜ ˘‰ÚÔıÂÚÌÈÎÔ‡˜ ¯ÂÈÚÈÛÌÔ‡˜ Î·È ÌÂ ÙÈ˜ ˆ˜ ¿Óˆ ÂÊ·Ú-

ÌÔÛıÂ›ÛÂ˜ Û˘Óı‹ÎÂ˜ Î·Ù·ÛÎÂ˘¿ÛÙËÎ·Ó Ó¤Â˜ Ï¿ÎÂ˜ ÌÂ Îˆ‰È-

ÎÔ‡˜ 2.1, 4.1, 6.1, Î·È 8.1 ·ÓÙ›ÛÙÔÈ¯· (¶›Ó·Î·˜ 1). ∞fi Î¿ıÂ

ÔÌ¿‰· ·Ó·Î˘ÎÏˆÌ¤ÓˆÓ Ï·ÎÒÓ, Î¿ÔÈÂ˜ ˘¤ÛÙËÛ·Ó ÂÎ Ó¤Ô˘

ÙÔ˘˜ ›‰ÈÔ˘˜ ˘‰ÚÔıÂÚÌÈÎÔ‡˜ ¯ÂÈÚÈÛÌÔ‡˜ Î·È ÂÓ Û˘ÓÂ¯Â›· Î·Ù·-

ÛÎÂ˘¿ÛÙËÎ·Ó (ÌÂ ÙÈ˜ ›‰ÈÂ˜ ¿ÓÙ· Û˘Óı‹ÎÂ˜) Ï¿ÎÂ˜ 2Ë˜ ·Ó·-

Î‡ÎÏˆÛË˜ ÌÂ Îˆ‰ÈÎÔ‡˜ 2.2, 4.2, 6.2, Î·È 8.2 ·ÓÙ›ÛÙÔÈ¯· (¶›Ó·-

Î·˜ 1). 

°È· fiÏÂ˜ ÙÈ˜ ÌÔÚÈÔÏ¿ÎÂ˜ Ô˘ ÚÔ¤Î˘„·Ó ¤ÁÈÓÂ ÚÔÛ‰ÈÔÚÈ-

ÛÌfi˜ ÙË˜ ÂÚÈÂ¯fiÌÂÓË˜ ÛÂ ·˘Ù¤˜ ÊÔÚÌ·Ï‰Â˛‰Ë˜ ÌÂ ÙË Ì¤ıÔ-

‰Ô Perforator Û‡ÌÊˆÓ· ÌÂ ÙÔ Û¯ÂÙÈÎfi Â˘Úˆ·˚Îfi ÚfiÙ˘Ô

(∂¡120) Î·È ·ÎÔÏÔ‡ıˆ˜ ¤ÁÈÓÂ Û‡ÁÎÚÈÛË ÌÂ ÙÈ˜ ÙÈÌ¤˜ Ô˘

Î·ıÔÚ›˙Ô˘Ó ÙÈ˜ Î·ÙËÁÔÚ›Â˜ ÙˆÓ ÌÔÚÈÔÏ·ÎÒÓ ÌÂ ‚¿ÛË ÙÔ

ÚfiÙ˘Ô ∂¡13986 (¶›Ó·Î·˜ 2).

OÈ ·Ó·Î˘ÎÏˆÌ¤ÓÂ˜ ÌÔÚÈÔÏ¿ÎÂ˜ ·ÚÔ˘Û›·Û·Ó ÛËÌ·ÓÙÈÎ¿

ÌÈÎÚfiÙÂÚÂ˜ ÙÈÌ¤˜ ÂÚÈÂ¯fiÌÂÓË˜ ÊÔÚÌ·Ï‰Â˛‰Ë˜ ÂÓ Û˘ÁÎÚ›ÛÂÈ

ÌÂ ÙËÓ Ï¿Î·-Ì¿ÚÙ˘Ú· (Îˆ‰ÈÎfi˜ 0). ∏ ÌÂ›ˆÛË ÍÂÂÚÓ¿ÂÈ ÛÂ

welding glue used was urea-formaldehyde E2 class, in 7% for

every wood mass and as hardener was used chloride

ammonium (NH4Cl). The boards went under hydrothermal

treatment, in order to regain woodchips applying four

different conditions types of pressure-temperature-period

of time. The applied conditions were: 2bar/119oC/480min,

4bar/140oC/120min, 6bar/156oC/45min and 8bar/167oC/

20min.

With the regained woodchips from the 4 different

hydrothermal experiments, new wood-boards were made

coded as: 21, 2.2, 2,3, 2.4 respectively (Table1). From every

group of recycled chipboards some boards were again

treated with the same hydrothermal conditions and new

second-recycled boards were made coded: 2.2, 4.2, 6.2, and

8.2 respectively (Table 1).

All new, recycled boards were measured for their

formaldehyde content with the Perforator method

according to the European prototype (EN12) and the results

were correlated with the prices that the prototype EN13986

defines.

Table 1: Types of Laboratory chipboards.

Table 2: Chipboard classification according formaldehyde

interWOOD magazine

81

Πίνακας 1: Τύποι εργαστηριακών µοριοπλακών.  Table 1: Types of laboratory chipboards

Ινοπλάκες πριν 
τη διαδικασία
ανάκτησης 



fiÏÂ˜ ÙÈ˜ ÂÚÈÙÒÛÂÈ˜ ÙÔ 60%. ¶·Ú·ÙËÚÒÓÙ·˜ ÙÔ ™¯‹Ì· 1 Î·È

ÙÔÓ ¶›Ó·Î· 1 Á›ÓÂÙ·È ·ÓÙÈÏËÙfi, fiÙÈ ·ÎfiÌ· Î·È ·Ó ÁÈ· ÙËÓ

·Ú·ÁˆÁ‹ ÙˆÓ ·Ú¯ÈÎÒÓ Î·È ·Ó·Î˘ÎÏˆÌ¤ÓˆÓ ÌÔÚÈÔÏ·ÎÒÓ

¯ÚËÛÈÌÔÔÈ‹ıËÎÂ Û˘ÁÎÔÏÏËÙÈÎ‹ Ô˘Û›· ÎÏ¿ÛË˜ ∂2, ÔÈ ·Ó·Î˘-

ÎÏˆÌ¤ÓÂ˜ Ï¿ÎÂ˜ ·ÚÔ˘Û›·Û·Ó ÙÈÌ¤˜ ÂÚÈÂ¯fiÌÂÓË˜ ÊÔÚÌ·Ï-

‰Â˛‰Ë˜ ÛÂ Â›Â‰· Ô˘ ÙÈ˜ Î·Ù·Ù¿ÛÛÔ˘Ó ÛÙËÓ Î·ÙËÁÔÚ›· ∂1.

∂ÔÌ¤Óˆ˜, Ë ˘‰ÚÔıÂÚÌÈÎ‹ ·Ó·Î‡ÎÏˆÛË ÌÔÚÈÔÏ·ÎÒÓ ‰ÂÓ

¤¯ÂÈ ÌfiÓÔ ÔÈÎÔÏÔÁÈÎfi ·ÓÙ›ÎÙ˘Ô ·ÏÏ¿ ÌÔÚÂ› Ó· ÂÈÊ¤ÚÂÈ Î·È

¿ÌÂÛÔ ÔÈÎÔÓÔÌÈÎfi fiÊÂÏÔ˜ ÛÙË ‚ÈÔÌË¯·Ó›· ·Ú·ÁˆÁ‹˜ ÌÔÚÈÔ-

Ï·ÎÒÓ, ÔÈ ÔÔ›Â˜ Â›Ó·È ˘Ô¯ÚÂˆÌ¤ÓÂ˜ Ó· ·Ú¿ÁÔ˘Ó ÚÔ˚fi-

ÓÙ· ÌÂ ÌÂÈˆÌ¤ÓË ÂÚÈÂ¯fiÌÂÓË ÊÔÚÌ·Ï‰Â˛‰Ë.

* √ Ã·Ú¿Ï·ÌÔ˜ §˘Î›‰Ë˜ Â›Ó·È ¢·ÛÔÏfiÁÔ˜ - ∆Â¯ÓÔÏfiÁÔ˜

•‡ÏÔ˘ (M.Sc. - Ph.D.)

content.

Figure 1: Diagram of the average rates of the

formaldehyde content (reduced to 6,5% of humidity) for the

laboratory chipboards.

The recycled chipboards show considerably reduced rates

of formaldehyde in relation to the specimen board (code 0).

In all case the decrease is more than 60%. Studying Figure 1

and Table 1 it is detectable that even when the same welding

glue is used for the production of the initial face and the

recycled one (class E2), the recycled chipboards had less

formaldehyde content levels, which classify them to E1

category. Therefore hydrothermal recycling of the chipboards

has not only environmental impact but it can bring on financial

benefit to the chipboard industry, which are obliged to

produce wood-boards with low formaldehyde content.

*Charambos Likidis is Forest-Wood technologist (M.Sc. - Ph.D.)
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ÙÂ¯ÓÔÏÔÁ›· - technology

Πίνακας 2: Κατηγοριοποίηση µοριοπλακών µε βάση την περιεχόµενη φορµαλδεΰδη
Τable 2: Categorizing chipboards on the basis of formaldehyde content
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Σχήµα 1: Ιστόγραµµα µέσων τιµών περιεχοµένης
φορµαλδεΰδης (αναγόµενης στο 6,5% υγρασίας) των
εργαστηριακών µοριοπλακών
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Diagram of formalehyde's average prices (on 6.5%
humidity) of the Laboratory chipboard




