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ALADAG DA (BOLU) BAZI SARICAM MESCERELERINDE
YILLIK YAPRAK DOKUMU MIKTARI VE BU YOLLA
TOPRAGA VERILEN AZOTUN TESPITI
UZERINE ARASTIRMALAR

Dog¢. Dr. Miinir DUNDAR *

Kisa Ozet

Bu arastirma ile yurdumuzun 6nemli bir orman yetisme bdlgesi
olan Bolu - Aladag civarinda, 6nemli yerli adac tirlerimizden sarigam
mescereleri altindaki mevcut 6lu ortd ve yillik yaprak dokimi ile top-
rak yilzeyine varan organik madde miktarlari tesbit edilmis, o6l orti-
nin ve yilhk yaprak dékiminin ihtiva ettigi azot besin maddesi % ve
total miktarlari olarak hesaplanmistir.

GIiRIiS

Orman topraklaimin dzerinde bitkisel ve hayvansal artiklardan ibaret bir or-
ganik tabaka mevcuttur. Oli 6rti denilen bu tabaka ve bunun ayrisma drinleri
olan humus maddeleri topragm bircok o6zelliklerini ve dolayisiyla verimini énemli
Olcliide etkilemektedir. Gercekten orman o6li 6rtisti oOncelikle topragm struktirini
duzeltir, boylece koklerin gelisimini ve topradin su tutma kapasitesini arttirir. Ay-
rica 6lu oOrtinlin ayrismasi sonucunda bitkiler tarafindan kokler vasitasiyla de-
rin toprak tabakalarindan alinip yapraklara gelen besin maddeleri tekrar topraga
iade edilmis olur. Bu olaylar sonucunda ust toprakta bazi besin maddelerinin artis
kaydetmesi de bahis konusudur. Su hale gore; 6lu 6rtinin ve onun ayrisma Urini
olan humus’un bitki beslenmesi bakimindan en &6nemli fonksiyonu tabii bir glbre
maddesi olarak topraga c¢esitli besin maddelerini ve bu arada azot’'u vermesidir.
Ayrica toprak organik maddeleri mikroorganizmalar icin bir besin maddesi orta-
midir, bu suretle topragin biyolojik aktivitesinde ©6nemli bir fonksiyonu vardir
(Irmak, A., Cepel, N., 1974).

Yukarida isaret edildigi gibi orman 6li o&rtisi mineral topragin uzerini Orten
ve cogunlugu yilhk yaprak dokimu ile meydana gelen bir organik madde tabaka-
sidir. Bu tabaka iginde kabuk ve dal parcalari, kozalak pullari, tohum Icarpelleri
ve buna benzer bitki artiklari da bulunur (Irmak, A., Cepel, N., 1974). Her yil
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dokilen yaprak vb. organik maddeler bu tabakaya eklenir. Bdylece en ustte taze
ve parcalanmamis bitki artiklari altta da derine do§ru ayrisma derecesi tedricen
artan artiklar bulunur. Bu sekilde 6li ortide gorinis bakimindan farkliliklar gés-
teren ve «yaprak tabakasi», «gurintii tabakasi» ve «humus tabakasi» olarak adlan-
dirilan G¢ tabaka tefrik edilebilir. Bu sebeple 6li ortiyl «mineral topragin tzerin-
de yatan; yaprak, ¢lrinti ve humus tabakalarindan olusan organik madde top-
lulugu» olarak tanimlamak da mimkindir (Irmak, A., Cepel, N., 1974). Bu ug¢
tabakanm kalinligi veya esasen varlhigr oli ortinin ayrisma hizi hakkinda bir fikir
verir ve bu hususta bir hiukimlendirme yapilabilme olanag: saglanir.

Buraya kadar kisaca aciklanmaya c¢ahlisildigr gibi orman 6li 6rtist cok yénlu
ve onemli fonksiyonlara sahiptir. Onun sadece tabii bir glibre kaynagi olarak or-
man beslenmesindeki 6nemini belirtmek amaciyla yapilan arastirmalar; yaprak
dokimui ile topragin yluzine varan 6l 6rtd uzaklastirildigr takdirde orman agacla-
rinin artiminin azaldigini ve hatta bazi hallerde tamamen durdugunu gdstermis-
tir (Wittich, W., 1951, 1954, Welirmann, J., 1961, Sichting, H., 1943).

Bu arastirmamizda Bolu - Aladag mintikasindaki  sarigam ormanlarinda; asa-
gidaki sorularin cevaplandirilmasina ¢alisiimistir:

1. Mescerelerde mevcut 61t 6rtd miktari ne kadardir?
2. Yillik yaprak dokimi miktarlari ne kadardir?

3. olu ortude ve her yil dékilen yapraktaki azotmiktarlari % ve kg/ha ola-
rak nedir?

DENEME ALANLARININ TANITIMI

Bu arastirma Bolu-Aladag mintikasindaki saricam ormanlarinda secilen dort
deneme alaninda yapilmistir. 1 ve Il numarali deneme bloklari Aladag Orman is-
letmesi Kartalkaya Bolgesinin Karapmar deresi mevkiinde, 111 ve IV numarali de-
neme bloklari ayni isletme hudutlari icinde yeralan Serif Yiksel Arastirma Or-
maninin Harmancik Deresi mevkiinde bulunmaktadir. Mescerelerin asli agac tiri
saricam olup go6knar sarigam’n muhtelif yas safhalarinda c¢am’m altina bir alt
tesis olarak tabii bir sekilde gelmis bulunmaktadir. Ust tabakay! teskil eden sa-
ricamlar I, Il ve IH numarali deneme bloklarinda 80 - 110, alt ve ara tabakadaki
goknarlar 50 -90 yaslarindadir. IV numarali deneme bloku ise daha geng¢ olup sa-
ricamlar 50 - 70, goknarlar 20 -30 yaslari arasindadir.

I ve H numarali deneme bloklarinda toprak kumlu Killi balgik tekstirinde,
111 ve IV numarali bloklarda ise idi ve Killi balgik tirindedir. Her dért deneme
blokunda reaksiyon asidik ortamdadir (Tablo 1). 6lt ortu &rneklerinde yapilan pH
olcmeleri de toprak reaksiyonuna yakin degerler vermis bulunmaktadir. Toprak
analiz sonuclari 0-10 cm derinlikler arasindaki azot muhtevasinin da genellikle
yliksek degerlere ulastigini gdstermektedir.
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ARASTIRMA METODU

Mescerelerde mevcut total 6lu 6rtd miktarlarini tesbit etmek i¢in 1 m2 (1.0 m x
1.0 m) yuzeyli kasalar kullanilmistir. Bir deneme bloku icindeki her parselde ug
ayri yerde 1 m: ylzeyli kasa tatbik edilmek suretiyle ol o6rtu 6rnekleri toplanmis-
tir. Ayni sekilde yillik dokulen yaprak miktarini tayin edebilmek icin her parsele
gelisiguzel U¢ ayri yere Ust yuzeyi yatay duracak sekilde 0.25 m3 (0.5 m x 0-5 m)
yuzeyli ve kenar yiksekligi 20 cm olan kasalar yerlestirilmistir. Kasalar 5 yil si-
reyle deneme alanlarinda bekletilmis ve bir yil igersinde doékilen yapraklar belirli
zamanlarda toplanmistir. Gerek o6lu o6rti ve gerekse yillik yaprak dokimi mikta-
rini tesbit amaciyla her parsel icin ¢ ayri deger bulunmus ve bu degerlerin orta-
lamasindan hektardaki olu o6rti ve yilhk yaprak ddékumi miktari hesaplanmistir.
Ayni sekilde azot konsantrasyonu ve miktarinin hesaplanmasinda U¢ ayri analiz
sonucunun ortalamasindan yararlaniimistir. Tablo 2 ve tablo 3 bu ortalama de-
gerleri gostermektedir. Analiz metodlan asagida kisaca agiklanmis bulunmaktadir.

Mekanik analiz : Topraklarin tekstir tayini hidrometre metoduna go6re yapil-
mistir.

pH tayini : Toprak ve 6li ortu reaksiyonu (pH de§eri) Beckman pH dlceri ile
1:25 oraninda H,0 ile sulandirtimis ¢ozelti icersinde cam kalomel elektrotla ya-
ptrimistir.

Azot tayini : Azot tayini Kjeldahl metoduna gore total azot olarak yapilmis-
tir.

ARASTIRMA SONUCLARI

Bu arastirmaya bes yil devam edilmis olup sonuglar 1967 - 1968, 1968 - 1969,
1969 - 1970, 1970 - 1971, 1971 - 1972 yillarinin yaprak dokimiine ait periyodlari kap-
samaktadir. Oli ortii tesbitleri arastirmanin baslangic yili olan 1967 sonbaharinda
deneme alanlarinda mevcut yaprak, cirinti ve humus tabakalarinin tamamina ait
miktarlari birarada godstermektedir. Bir hektarlik orman alaninda mevcut 6lu 6rti
miktarlari 115.4-50.6 ton arasinda degismektedir (tablo 2, siutun 1). IV numaral
deneme blokunda bulunan degerler diger deneme bloklarina gore oldukca disuktir
ve oOrnedin | numarali deneme blokundaki miktarin ancak % 50’si kadardir. Bu
durum blok 1V'in digerlerine gore daha genc¢ olusundan ileri gelmektedir. Yillik
yaprak dokimid miktarlari da IV numarali deneme blokunda bir hayli azdir (1963 -
2760 kg/ha). I, Il ve Il numarali deneme bloklarindaki yillik yaprak dékimi
miktarlari 3429 - 5337 lIcg/ha arasinda degismektedir. Yine 1967 -1972 vyillari ara-
sindaki toplam yaprak dokimiunin miktarlari bakimindan 23378 kg/ha ile | nu-
marali deneme bloku basta gelmekte, 11848 kg/ha ile IV numarali deneme bloku
sonuncu sirayl almaktadir. IRMAK, A., ve CEPEL, N., 1968'in yaptiklari bir aras-
tirmaya gore Belgrad Ormaninda karagcam mescerelerinin, 5 yillik tesbitlerin or-
talamasina gore, yillik yaprak dokimi miktarlari 4300 - 4824 kg/ha arasinda degis-
mektedir. Tablo 2'deki de§erler ayrica 5 yillik periyod icersindeki yaprak dokimu
miktarinin mevcut o6li ortinin yaklasik olarak % 20’sine balig oldugunu da gos-
termektedir.



108 MUNIR DUNDAR

Tablo 3’Gn sol yarisi 6l ortudeki ve yaprak dokimu ile topraga ulasmis olan
azot konsantrasyonunu (100 gr mutlak kuru yaprak maddesindeki miktar), sag
yarisi ise azotun kg/ha degerlerini gostermektedir. N konsantrasyonlari gerek blok-
lar icinde ve gerekse bloklar arasinda onemli Olciide degismemektedir. 610 oOrtideki
ortalama azot miktarlari 369.0 - 941.3i kg/ha arasinda bulunmaktadir, 610 6rtinin
ihtiva ettigi kg/lia azot miktarlari bakimindan da 1 numarali deneme bloku basta
gelmekte, blok IY ise sonuncu sirayr almaktadir. Yillik dékilen yapraklardaki azot
miktarlari 16.3 -45.0 kg/hia arasinda degismekle beraber genellikle 35-40 kg/ha
arasinda bulunmaktadir. Yilhhk yaprak dokimi ile topraga intikal eden azot ve di-
ger besin maddelerinin, sadece orman beslenmesi yoninden bir giibre maddesi ola-
rak oynadigi rol cok buyuktur. Zira 100 kg Amonyum Silfat (NH4XS064 gubresi ile
topraga 21 kg N intikal ettirilmis olmaktadir. Su hale gére deneme bloklarinin
cogunda yillik yaprak dékimi sayesinde hektar basma yaklasik olarak 20 kg Amon-
yum Silfat glbrelemesine muadil azot verilmis olmaktadir. Baslangicta organik
halde bagli olan bu miktar azot zamanla bitkilerce alinabilecek amonyum veya
nitrat azotuna donusturtlerek tekrar bitkilerin istifadesine sunulmaktadir. Orman
agaclarmm yillik besin maddesi ihtiyaci konusunda yurdumuz sartlarinda yapilmis
arastirmalar yoktur. Bu balcimdan yillik yaprak dékiumiyle topraga verilen azotun
mescerelerin ihtiyacinin nekadanni karsilayabilecegini sdylemek miumkin degildir.
Ancak bir fikir edinmek ve kiyaslama yapabilmek maksadiyla diger Ullkelerde ya-
pilan arastirma sonuclarindan vyararlanilabilir. Goussone (1964) genglik cagmdaki
saricamlarin yillik azot ihtiyacinin 60-80 kg/ha arasinda degistigini bildirmek-
tedir. Wittich’e (1961) g6re genis yayilisa sahip olan ¢cam, ladin ve lcaym gibi or-
man agaclari Il. bonitetteki yetisme mubhitlerinde topraktan her yil hektarda 30 - 50
kg azot alirlar. Bu iki arastiricinin verdigi degerler arasindaki fark o6nemli go-
rilmektedir. Ancak genglik ¢aginda orman agaclarinin agaclik ¢cagma kiyasla besin
maddesi ihtiyacinin ¢ok yuksek oldugu da bilinen bir gercektir. Diger taraftan
muhtelif yetisme muhitlerinde, miinferit aga¢ tirlerinin azot ihtiyacinin biyik de-
gisiklikler gosterdigi de bilinmektedir. Ornegin: kavak, karaa§ac¢ ve akgaa§ac gibi
agac tdrlerinin azot ihtiyaci iyi topraklarda hektarda 1 yil igin 100 -150 kg olup
seker pancarinin ihtiya¢c gosterdigi miktara yaklasmaktadir (FIEDLER, REISSIG
1964). Yapilan bu aciklamalardan da anlasilacag!r gibi orman agaclarinin besin
maddesi alimmda lokal yetisme muhiti kosullari dnemli &lciide etkili olmaktadir.
Ancak bu durum bizim diger arastirma sonucglarindan yararlanmamiza da tamamen
engel degildir. Bu distnusin 1511 altinda Aladag mintikasindaki sarigam orman-
larinin yilhik azot ihtiyacini 40/50 kg/ha olarak kabul edebiliriz. Tablo 3’Un tetki-
kinden de gdrulecegi gibi yillik yaprak doékimii ile her yil topraga yaklasik olarak
35/40 kg/ha azot verilmektedir. Bu miktar azot’un sadece agaclarin toprak usti
organlarina ait oldugu, olen koklerin de topraga dnemli 6lgiide organik madde ver-
digi gozoninde tutulursa Aladag mintikasindaki saricam mescerelerinin yillik azot
ihtiyacinin biytk olcide bu yolla karsilandigr sonucuna varilabilir.



rablo 1
rabello 1.

Toprak - 6l0 ortd analiz sonugclari.
Analysonergebnlsse von Bdden und Streu.

Tskelet ince top-
hacmi rak agir.
Derinlik Skelet- Gevvichtder

Tiefe anteil Feinerde
Blolc Parsel cm % kg
| 1 0-10 19.5 0.665
2 10.0 0.670
| 3 » 25.5 0.615
n 1 » 20.5 0.585
2 125 0.795
3 s 14.0 0.660
11 1 5 135 0.520
2 4.5 0.795
3 6.5 0.655
v 1 » 10.5 0.665
2 » 9.0 0.615
3 » 13.0 0.580

N
°lo

0.174
0.229
0.301

0.206
0.213

0.398
0.234
0.311

0.283
0.269

0.230

Kum
Sand
%

53.71
53.71
54.34

57.94
50.31
49.07

42.95
36.73i
35.85

38.56
42.98

43.42

Toz
Schluff
°In

16.67
15.23.
15.91

16.09
18.97
18.02

9.90
24.89
27.89

35.05
22.34

22.92

Kil
Ton
%

29.62
31.06
29.75

25.97
30.72
3291

47.15
38.38
36.26

26.39
34.68

33.66

Toprak sinifi
Bodenart

Kumlu killi bal.
Sandig toniger

Lehm
» > »
> * S
» >
Kil (Ton)
Killi balgik

(Toniger Lehm)

Balcik (Lehm)

Killi balgik
(Toniger Lehm)
» S

pH
H,0

toprakta o6lu ortude
in Boden in Streu

5.15
5.27
5.75

5.77
5.92
5.97

5.35
5.65
5.67

5.70
5.60

5.60

4.82
5.22
5.85

5.95
5.85
6.15

5.65
5.65
5.65

5.87
5.65

5.77



Tablo 2. Donomo alanlarinda mevcut 6lu orti ve yillk yaprak dukumi miktarlari.

Tabelle 2. Streumengo und Jiuhrlicher Strouabfall in den Versuchsflachen.

Blok

rv

Parsel

W N

o

Mevcut

orta
Streu
ton/ha

1154
.106.8
110.7
111.0

99.1
104.6
97.8
100.5

89.5
86.1
85.4
87.0

50.6
58.5
54.3
54.5

19.10.1967 -
24.10.1968

3692
4147
4820
4220

3705
3747
3580
3677

4152
4484
3394
4010

2300
1868
1720
1963

24.10.1968 -
25.10.1969

4947
4586
4144
4559

3176
3847
3265
3429

4393
4693
4413
4500

1744
2407
2355
2169

Yilhk yaprak dokimi
Juhrlicher Streuabfall

kg/ha
25.10.1969 - 28.10.1970 -
28.10.1970 25.10.1971
5079 4537
4317 4067
5513 4275
4970 4293
3935 3154
4555 4105
3420 4145
3987 3801
4780 3880
3595 4451
4907 4472
4427 4268
2956 2623
2740 2195
2585 2493
2760 2437

25.10.1971 -
26.10.1972

6500
4180
5330
5337

4540
5520
4939
5000

5091
4847
3660
4533

2480
2260
2819
2520

1967 - 1972

24755
21297
24082
23378

18560
21774
19349
19894

22296
22070
20846
21737

12103
11470
11972
11848

HINOW

dvanna



o 3. olu ortd ve yilhk yaprak dokimundeki N miktarlari.
ile 3. N-Wecrte in Streu und in nbgafallonen Streu.

Olii Yillik dokulen yaprakta olu Yilhik dokilen yaprakta
)k Parsel Ortude in Jahrlich abgefallenen Streu ortiide in Jahrlich abgefallenen Streu
in 1967-968 968-969 969-970 970-971 971-972 in 967-968 968-969 969-970 970-971 971-972 967-972
Streu Streu
Kg/ha
| 1 0.832 0.881 0.904 0.956 0.915 0.880 900.1 32.5 44.7 48.6 415 57.2 2245
2 0.815 0.962 0.956 0.875 0.912 0.830 870.4 39.9 43.8 37.8 37.1 34.7 193.3
3 0.897 0.854 0.834 0.858 0.865 0.809 993.0 41.2 34.6 47.3 37.0 43.1 203.2
0 0.848 0.899 0.898 0.896 0.897 0.840 941.3 ' 37.9 40.9 445 385 44.8 206.6
I 1 0.864 0.879 1.100 0.916 0.897 0.905  856.2 32.6 34.9 36.5 28.3 41.1 173.4
2 0.817 1.002 0.979 0.997 0.965 0.919 854.6 37.5 37.7 45.4 39.6 50.7 210.9
3 0.715 0.890 0.879 0.895 0.819 0.875  699.3 31.9 28.7 30.6 33.9 43u2 168.3
0 0.799 0.924 0.986 0.936 0.894 0.900 803.0 34.0 33.8 37.1 34.0 45.0 183.9
I 1 0.612 0.861 0.911 0.880 0.868 0.868  547.7 35.7 40.0 421 337 44.2 195.7
2 0.865 0.981 0.868 0.929 0.939 0.897 744.8 44.0 40.7 334 41.8 43.5 203,4
3. 0.629 0.700 0.879 0.719 0.826 0.893  537.2 238 38.8 353 36.9 32.7 167.5
0 0.702 0.847 0.886 0.843 0.878 0.886  610.7 34.0 39.9 37.3 375 40.2 188.9
/ 1 0.715 0.897 0.719 0.957 1.125 0.881  361.8 20.6 12,5 28.3 295 21.8 112.7
2 0.648 0.830 0.764 0.847 0.875 0.837  379.1 15.5 18.4 23,2 19.2 18.9 95.2
3 0.667 0.897 0.767 0.812 0.845 0.795  362.2 15.4 18.1 21.0 21.1 224 98.0

0 0.677 0.875 0.750 0.872 0.948 0.838 369.0 17.2 16.3 24.1 23.1 21.1 101.8



UNTERSUCHUNGEN UBER DEN JAHRLICHEN STREUABFALL
UND DADURCH IN DEN BODEN ANGELANGTEN
STICKSTOFFGEHALT IN DEN KIEFERNVVALDERN

VON ALADAG (BEI BOLU)

Doz. Dr. Minir DUNDAR

Abstraet

Diese Ariteit vvurde durcligefihrt um jiilirlich abfallenden Streu-
mengen in den Kiefermviildern von Aladag festzustellen und auf diese
Weise in den Boden zugefiuhrten N-Mengen zu bestimmen.

ZUSAMMENFASSUNG

Wir wissen, dass der organischer Substanz \vesentlichen Einfluss auf viele
Eigenschaften der Béden ausiibt und in ungediingten BOden, vor allem der Nahrstoff-
gehalt der organischen Substanz fir die Ernahrung der Pflanze von grosser Bedeutung
ist. Unter den Nahrstoffen hat Stickstoff eine Schliisselstellung. Da der N - Gehalt
der Boden von lhren Gehalt an organischer Substanz abhéangt, ge'tvinnt ihr Gehalt
an organischer Substanz auch fiur die Versorgung der Pflanze mit Stickstoff eine
dominierende Rolle.

Die Arbeit wurde in den Kiefernbestinden von Alada§ (bei Bolu) durchgefihrt
um folgende Fragen zu beantworten:

1. Wie hoch istdie Menge an organischer Substanz indenKiefernbestinden?
2. Wie verlfiuft der Streuabfall in diesen Bestanden?

3. Wie hoch istdie N-Menge, die durch den jahrlichenStreuabfall in den Boden
gelangt? .

Fur die Untersuchungen wurde je zvvei Versuchsflichen in Revier Kartalkaya
und im Versuchs\vald Serif Yiksel gewahlt. Jede Versuchsflache bestand aus drei
Parzellen. In jeder Parzelle vnirde in drei verschiedenen Stellen mit Hilfe von Holz-
kasten in 1 x 1 m (1 m2 Grosse, Gesamtmenge des organischen Substanz bestimmt.
Ausserdem wurde in drei Stellen jeder Parzelle, durch Holzkasten in der Grdsse
von 0.5 <05 m (0.25 m2 funf Jahre lang Jahrlich abgefallene Streumenge fest-
gestellt. Auf diese Weise wurde drei Werte fur jede Parzelle erhalten und durch
M ittehverte von organischer Substanz und von Jahrlich abgefallene Streumenge die
Werte pro Hektar errechnet. Der N-Gehalt als % und als kg pro Hektar. wurde
auf gleicher Weise bestimmt.
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Die Analysenergebnisse von Bdden und Streu sind in der Tabelle 1 ersichtlich.
Tabelle 2 enthalt die vorhandene organischer Substanz und jahrlich abgefallene
Streumenge in den Versuchsflaehen. In die Tabelle 3 sind die N-Werte als % und
als kg pro Hektar in dem vorhandenen organischen Substanz und in der abgefallenen
Streu eingetragen.

Die Ergebnisse der Untersuchungen zeigen, dass die Menge an organischer
Substanz zvvischen 50.6-115.4 t/ha wechselt (Tabelle 2). Jahrlicher Streuabfall
liegt zwischen 1720 - 6500 kg/ha. Der Mittelvvert von 5 jahrigen Streuabfall wechselt
z\vischen 11848 - 23378 kg/ha. Tabelle 3 zeigt die N-Werte im vorhandenen orga-
nischen Substanz, sowie in abgefallenen Streu als d0 und als kg pro Hektar. N-Gehalte
in organischer Substanz liegen zvvischen 0.677 -0.848 %; die N-Werte als kg pro
Hektar zvvischen 369.0 - 941.3. Gesamt N-Mengen in der jahrlich abgefallenen Streu
sind im Mittel 16.3-45.0 kg/ha. Nach den Literaturangaben liegen jahrlicher
N-Bedarf von Kiefern in Jugendstadium zvvischen 60 -80 kg/ha (GUSSONE 1964);
bei Kiefer, Fichte und Buche zvvischen 30750 kg/ha (WITTICH 1961). Wenn man
oben ervvahnten Werte als Mass vor Auge halt, kann gesagt vverden, dass der
N - Bedarf von Kiefernbestanden in Aladag, zum grossten Teil, allein durch die
N-Menge von jahrlichen Streuabfall gedeckt vvird.
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THE 3MLUTE ACID HYDROLYSIS OF WOOD

Dr. Guneg UCAR 1

Abstract

Aspen (Populus tremuloides) \vas liydrolyzed \vith dilute sulphuric
acid in a flow reacfcor. By colisidering tlie orgarnic acids formed at ele-
vated temperatures a correspoiidency could be attained betvveen deter-
mined glucose yields and predicted values calculatcd by means of kinetie
parametera for eellulose and glucose decomposition respectively.

1. INTRODUCTION

Currently the renelved interests are arising in utilization of wood and wood
residues as a source of energy and Chemical intermediates. The etliyi alcohol pro-
duction from wood is regarded as the most promissing way since it is a clean
ligued fuel on one hand and the ethanol is a valuable starting material in the
industry to synthesize many other'Ciiemicals.

Fermenting the sugar Solutions to alcohol is one of the oldest technique known
by the mankind. Nearly half of wood consists of eellulose which is the important
structural component of the plant cells. There are also other polysaccharides
(polyoses) in the celi wall so that together with eellulose 2/3 -3/4 of wood is
composed of sugars in polymer forms. The eellulose and some polyoses can deliver
-after being converted into their monomers- sugar Solutions that are readely fer-
mentable to ethyl alcohol.

The convertion of eellulose into glucose can be accomplished by means of
acid - and enzymatie hydrolyses. Acid hydrolysis of wood can be carried out using
either dilute acid at elevated temperatures or concentrated acid at lower tempe-
ratures. Both systems have been practised during the World War | and Il (STAMM,
HARRIS, 1953, WENZL, 1970, GOLDSTEIN, 1980). Today only in the USSR dver
40 plants are in operation on wood and agricultural residues (FENGEL, WEGENER,
1984). Dilute acid hydrolysis has found vvider applications than the concentrated
acid because of recovery and corrosion problems in the last processes. In many
case a prehydrolysis step is connected to remove easely hydrolyzed polyoses under
milder conditions. Thus, relatively pure glucose streams were obtained from residual
eellulose during subsequent hydrolysis called also eellulose sacchariflcation (CEDER-
QUIST, 1952, SPRINGER, 1985, HARRIS et al., 1985).

I 10. Orman Fakiiltesi Orman (rinleri Kimyas ve Teknolojisi AnBbilim Dali, Bahgekdy - ISTANBUL.
Yayin Komisyonuna Sunuldugu Tarih : 1.9.1988
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The acid hydrolysis of eellulose occurs in two steps as a heterogeneous reaction.
First the oxygen atom of glycosidic bond between anhydroglucose units is protona-
ted rapidly. A more slow scission of the bond takes place aftervvai'ds. At elevated
temperatures, i.e. above 150°C a part of eellulose called amorphous fraetion and
the most polyoses can be hydrolyzed much faster than the crystalline, resistive
eellulose. Hovvever at these conditions the decomposition of monomeric sugars is
also unavoidable. Another type of reactions of glucose in the aqueous acid Solutions
are referred to as reversion which covers the forming of reversible produets (—re-
version produets) such as disaccharides, oligosaccharides and anhydrosugars. After
evaluating some recently announced works the Figlre 1 was prepared to show
the possible reactions of vvood polysaccliarides (eellulose, polyoses) in dilute acid
(GRETHLEIN et al. 1980, HARRIS, 1981, CONNER et al. 1985).

crysfaUine
GLUCO5E
1t
Im' "5 15
DIMER Gx
o GLUCANS
EL'J p GLUCOMANNANSTPjtj MANNOSE
W § GALACTOGLU- GALACTOSE
L COMANNANS
ARAHNOGALACT.
g i<9
o ARABINOXYLAN AR ABI E
° vaoNs(,)ES INTERMED.
é XYLANS kio e E
02 TARS
+HYDROXY METHYL FURFURAL T
FURFURAL

Fignro 1. Tho reactions of wood poiysaccharides in dilute acid.

Although the acid hydrolysis of eellulose is a heterogeneous reaction earlier*
vvorks shovved it could be expressed as a first order, liomogeneous one (SEAMAN,
1945, YOUNG, 1949, KIRBY, 1948). The consecutive reastions can be given then
as follovvs :

Itj k2
Cellulose glucose —* decomposition produets
(resistant)
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The k, and k, rate constants are to be determined acc. to the equations :

(1)

dG

= kC - kB 2
dt (2)

On the other side the rate constants Ic, and k, have an Arrlienius temperature
dependence and an additional acid concentration dependence :

k,

P, Amexp (—E,/RT) (4)

k, = P3A» exp(—E:/RT) 3)

The isothermal solution of the rate equations also needs to incorporate another
glucose fraction (Gu) which is assumed to be available at zero times as a result of
the instantenous hydrolysis of amorphous eellulose and polyoses (glucomannans).
Thus, the integration of equation (2) vvith Gu fraction taking into account gives:

G = C( ko (exp (=D —exp (—kiy ) -f GOexp (=) (5)

where :

G = predieted glucose, as °b of potential glucose
CO= resistant eellulose, as % of potential glucose
Gu= readily hydrolyzed eellulose fraction, as % of pot. glu.

t = time, minutes

k, = eellulose decomposition rate constant, min-1 (Eq. 3)

k2 = glucose decomposition rate constant, min-1 (Eq. 4)

A = acid concentration, vt %

m = exponent on acid concentration in eellulose decomposition
n = exponent on acid concentration inglucosedecomposition

T = temperature, Kelvin

R = gas constant, 8.31441 J K-1mol-1

E, = aetivation energy for eellulose decomposition, J/gmol

E: = aetivation energy for glucose decomposition, J/gmol

Pj = pre exponential constant in Eq. 3, min-1
P2= pre exponential constant in Eq. 4, min-1

The parameter vector (m, n, E,, E, P, P3 and GO0) are estimated from the
experimental data using some algorithms or regression analyses. Table 1 gives
some seleeted parameters from earlier works carried out in various systems such
as glas bombs or ampules (SAEMAN, 1945, MC KIBBINS, 1958), flow reactors
(GRETHLEIN. et al. 1980).
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Table 1 Experiment Conditions and Kinetic Porameters of Glucose-and Cellulosei Decomposition.

Conditions

Temp. Time h%o4 Type of
No. Substrate (°C) (min con. (%) Reactor Reference
1 Glucose 170 - 190 05 - 30 01 -1.6 Glas Saeman,
bomb Saeman,
2 Douglas 170 - 193 05 - 10 0.1 -1.6 Glas (1915)
bomb (1915)
3 Glucose 180 - 260 03 - 60 0.12-38 Glas McKibbins
ampule (1958)
1 Glucose 180 - 260  0.06 - 0.27 0.6 -3.75 Flow Grethlein
Reactor Grethlein
5 Alpha Cel. 180 - 210 2% =8 05 -2.1 Flow et al (1980)
Reactor et al (1980)
6 Poplar 180 - 265 0.08-0.11 0.31-1.6 Flow Grethlein,
Reactor Conv. (1982)
Para meters
Pre-exponential > Activ. Energy GO
No. (min_x) Acid exponent (J/gmol) (%)
1 2.38 X 10» 1.02 137620.1 100
2 1.735 X 109 1.31 179613.7 0
3 1.83 X 10» 0.8631 136096.1 100
1 3.83985 x 100 0.5687 S7872.5 100
5 5331 x 106 1.1355 151892.3 a8
6 6.122 X 10'3 0.9871 117165.2 11

The kinetic modeling of reactions is being considered a useful device for de-
signing, developing and operating of Chemical processes. In the very recent works
the effects of ash constituents on the sulfuric acid as catalyst and the reversion
reactions were emphasized and incorporated into the model to improve the perfor-
mance of kinetic equations (CONNER et al. 1985, HARRIS et. al. 1981, SPRINGER,
HARRIS, 1985). During the last decade there are also intensified studies on the
fermentation of pentoses to ethanol (WANG et al. 1980 JEPFRIES, 1981, 1985,
MALESZKA, SCHNEIDER, 1982, DELIAVEG et al. 1981). In this way, the prehyd-
rolysis field of especially hardvvoods is receiving more and more attention. Many
rate studies performed in this area indicate that the hydrolysis of xylan also fits
into the first order homegeneous reactions (CONNER, 1981, CONNER et al. 1985,
CONNER, LORENZ, 1986, MALONEY et. al, 1985, SPRINGER, 1966).

2. MATERIAL AND METHODS

The aspen wood (Populus tremuloides), grovving in New Hampshire, U.S.A.
vvas Wiley milled and the fraction passing through 60 mesh is used for preparing
of the 7 % slurries for the acid hdyrolysis experiments in a plug flow reactor
vvhich vvas developed by GRETHLEIN et al (1980). Tvvo series of runs were carried
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out by acidifying the slurry in the tank with various amounts of sulfuric acid
resulting in 0.37 and 1 °0 acid concentrations and by elevating the temperatures
stepwise from 2200 np to 255°C. At the beginning and end of each run the slurry
tank was sampled to determine the acid and the solid concentration more accura-
tely by titrating with 0.1 N NaOH or dven drying at 102° ~ 2°C respectively.

The potential glucose value of the poplars for the 1. and 2. run was dctermined
by hydrolyzing the wood with 72 and 77 % sulfuric acid first, then neutralyzing
with BaCO03 and analyzing at the HPL.C (High pressure liquid chromatography)
for different kind of sugars. The poplar used for the first series contained 45.0 nD
and that for the second series 47.6 % potential glucose respectively.

The desired reactor temperatures vvere reached by increasing the arnount of
steam, consequently the system pressure. From reactor outlet the samples (hyd-
rolyzates) were taken and the sampling time was also measured. The collected
samples were then subjected to different analyses, namely determination of acid
concentration (calculated as % sulfuric acid), solid concentration and the amout
of glucose (HFLC method and glucose analyzer).

The vyield of glucose achieved during each run \vas estimated acc. to the
equation :

. G,.100
Yield (o/o) T where

G, = the arnount of potential glucose (mg/ml) in the slurry (pumped in the system),
G, = the potentialglucose in the hydi'olyzate (mg/ml), F = dilution factor.

To estimate the dilution factor a simple way was developed. An exact arnount
of 1 % sulfuric acid solution was pumped in the system and the elapsed time was
measured. At the same time the sample from reactor outlet was collected, thu3
enabling to calculate the flow in-and flow out-rates of the system. Flow in
rate/flow out rate ratio simply gave then the dilution factor for a certain reactor
temperature.

By increasing the arnount of steam in the reactor but keeping the flow-in
rate constant a dilution factor curve was obtained. On the other side by changing
the moyno pump speed and proceeding in similar v/ay several dilution factor curves
were drawn.

Figlre 2 shows an example of dilution factor curve obtained as described above.
Another curve was olsa drawil here using the following empiric formula suggested
by MC PARLAND (1980),

F=-1.690.10-3T = 1.055

which seems to be unable to reflect adequately the pump performance especially
at higher temperatures.
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Figire 2. Ttie dilution factor curves for the plug flow reactor.

‘ablo 2. Tho rcsults of acid hydrolysis of aspcn in tho plug flow reactor.

Glu

Run Temp. A.coll ResidUe GjF G2 Yielc
No (°C) ©/0) F (mg/ml) (%)  (mg/ml) (mg/ml) (%)

1-0 Start  0.367 1.000 73.93 100.0 33.27 0.0 0.0
1-1 220 0.308 0.661 26.97 55.2 21.99 1.71 7.8
1-2 230 0.314 0.641 25.33 53.5 21.32 2.56 12.0
1-3 210 0.318 0.620 24.03 52.4 20.63 3.77 18.3
1-4 250 0.315 0.597 20.49 46.4 19.86 542 273
2-0 Start 099 1.000 67.88 100.0 32.31 0.0 0.0
2-1 230 0.78 0.636 22.26 51.6 20.55 4.68 22.8
2-2 241 0.75 0.611 13.99 33.7 19.74 8.08  40.9
2-3 250 0.75 0.588 10.24 25.7 19.00 985 518

2-4 256 0.74 0.573 8.09 20.8 18.51 10.25 55.4
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3. RESULTS AND DISCUSSION

Table 2 summarizes the data obtained from both runs series. In Figire 3 the
potential glucose yields were plotted vs. temperatures to obtain correlations (Table
2, Figire 3).

W liile the curve of first series (initial acid con. = 0.367 %) is showing a steady
increase at the second series where more acid applied (0.99 %) the nearly maximum
glucose yield was achieved at 256o0c. The small difference between glucose yields
of runs at 250° and 2560C (run no: 2-3 and 2-4) supports also this opinion.

The amount of residues in hydrolyzates was included in Table 2. To ease a
comparisoll the solid concentration of the slurry was taken 100 %. The residue
concentrations of hydrolyzates based on this were calculated by equation :

TEMPERATURE °C

Figuro 3.

The solid con. of hydrolyzate . 100

Residue con. (%) = R
The initial con. of slurry . F

The dilute acid hydrolysis apparently involves the solubility of wood. Even at
the most mild conditions applied here (run 1-1) nearly the half of wood was
dissolved where the glucose yield is only 8 %. The dissolved part of wood makes
up more than half of wood at 250°C (run no: 174) and this time 27% glucose
yield is obtained. Most likely the polyoses of wood are readely being hydrolyzed
and the lignin itself rises as the most resistant wood component to the acid hyd-
rolysis. Probably it remains almost quantitatively in the residues.
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The poplar contains roughly 20 % lignin vvhich is stili unsoluable at such higii
temperatures (UCAR, 1982). Asuming the rest of cellulose vvould be in the resldue
vvithout further decomposition (~ 33% of vvood), so the amount of residue should
be 53% during the run at 25070 (run no: 1-4). The difference is about 7%
(53 -46 %) wvvhich indicates no critical glucose decomposition occurs under these
conditions. On the other side the maximum glucose yield of 55 % vvas achieved
during the second series-run at 256°C. This corresponds 26 % of vvood. Under the
logical assumption, that the residue obtained after this run consisted of only the
rest of cellulose and lignin, it vvould amount to 46 %. The determined residue of
21 % clearly shovvs serious glucose losses. The HMF vvas detected on the HPLC -
chromatograms of the same hydrolyzate vvhich also verifies these results.

The kinetic parameters vvere estimated for solka floc hydrolysis and glucose
decomposition in the plug flovv reactor by GR.ETHLEIN et al. (1980). These para-
meters given in Table 1 (line alpha cellulose) vvere used to calculate the reaction
rate constants, k, for cellulose hydrolysis, k, for glucose decomposition. The predicted
glucose yields vvere then obtained for the first and second series runs using the
equation (5). The GO fraction of cellulose (readlly hydrolyzed cellulose vvas assumed
to be 0%, 1.15 %, 3%, 5% and 10 % by evaluating the different related vvorks
(PAGAN et al. 1971, SAEMAN, '1945, GRETHLEIN, CONVERSE, 1982).

«t* reaction times vvere also found out by dividing the flovv out rates through
the reactor volume (112.9 cm3). Table 3 represents then reaction times, calculated
and observed yields for each run.

Table 3. Observed and predicted glucose yields.
YIELDS (%)
Temp A.con Time K, K2 PREDICTED (GO values) OBS.

(°C) () (min) (1/min)  (1/min) 0.00 1.15 3.00 5.00 10.00

220 0.308  0.0990 0.54998  0.96888 5.05 6.04 7.62 9.34 13.63 7.80
230 0.314  0.0977 1.19101 149971 10.20 11.08 12.49 14.01 17.82 12.00
240 0.318  0.0945 2.48604  2.27458 18.76 19.47 20.62 21.86 2495 18.30
250 0.315 0.0922 4.92266  3.35374 31.02 31.50 32,29 33.14 3526 27.30
230 0.780 0.1035 3.34678  2.51616 25,58 26.17 27.13 28.16 30.73 22.80
241 0.750  0.1017 7.06800  3.85668 41.43 4173 4241 4273 44.04 40.90
250 0.750 0.1010 13.18257 5.49271 53.16 53.21 53.29 53.37 5359 51.80

256  0.740  0.0990 19.44167  6.85412 55.82 5577 55,67 5557 5531 5540

= 1.1355 n = .5687

o
1

5.331 E 4- 16 P, = 3.83985E + 09

m
154892.4 E, = 87872.56 R = 8.31441

<|T|
1



122 GUNES UCAR

At the first glance a tendency can be observed that the predieted yields are
somevvhat liigher than the experimental determined yields in many cases. Particu-
fariy taking G( values more than 3 % and at ligher temperatures with lower acid
concentration (1. series), or at lower temperatures with liigher acid concentration
(2. series) these excesses are noticeable.

To explain these differences attentioll was paid to the acid concentrations deter-
mined by the titration method. Finding out the concentration of I-I+ ions which
really participate in the catalytic cleavege of etlier bonds between aihydroglucose
units of eellulose molecules is considered rather difficult. The determined acid
concentrations affect the rate constants k, and Ic, from 1vhich then the predieted
yields are estimated. As known, the hardwoods, also poplars, contain acetyl groups,
uronic acids bound on the xylan molecules in appreeiable amounts. The percentage
of acetyl groups and uronic acids in aspen wood is 3.7 and 4.3 respectively
(TIMELL, 1967). The acetyl groups splitt off easily at high temperatures whereas
the uronic acids seem to be more resistant at low temperatures but above 200°C
they are subjected to hydrolysis too. Besides these acids under the conditions here
some other organic acids should be expected to occur which also contribute to
inerease of H+ ions in reactor medium,

If ali H+ ions from organic acids were formed at the begimiing or 1vhethcr
they ali really acted on oxygen bonds between glucose units to cleavege them is
disputable. But it might be deduced under logical consideration, that either the
half arnount of the H F ions (originating from organic acids) could take part in
the hydrolysis or the whole H-I- ions- excess would play its catalytic role for a half
time of the reaction.

By using the dilution factor «Fs> and the initial sulfuric acid concentration of
slurry it is possible to find out the mineral acid concentration of medium in the
reactor. On the other side the acid concentration values of the hydrolyzates should
be consecjuently liigher than those obtained this way because of the organic acids.
By subtracting the half value of difference from determined acid concentrations a
corrcction was made and then the Table 3 was rearranged again shovving the
predieted and observed yields for both determined and corrected acid concentrations
(Table 3 A).

From Table 3 A is obvious a better aggreement between observed and calculated
yields v/as achieved. At lower temperatures the readily hydrolyzed fraction of
eellulose has a considerable in'fluence on the glucose yields and this becomes more
effective during the experiments where the glucose decomposition rate constants
are small respectively where the hydrolysis vvith more diluted acid (1. series) taking
place. On the other side in the case taking GO value as 10 % high predieted glucose
yields are obtained particularly at lovver temperatures with lower acid concentra-
tions because the glucose decomposition under these conditions is also very small.

Therefore it wouid not be wrong to conelude that the appropriate GO values
for eellulose hydrolysis would lie between 3 -4 %.

Recently the eellulose decomposition parameters for the New Hampsliire poplar
hydrolyzed in the plug flow reactor under different conditions were estimated by
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Tablo 3A.

YIELDS (do)
Temp A.con Time K, K, PREDICTED (G, values)
C)  (») (min) (/min)  (1/min) 0.00 115 3.00 5.00 10.00 OBS.

220 0.308  0.0990 0.54998  0.96888 5.05 6.04 7.62 9.34 1363 7.80
220 0.275  0.0990 0.48357  0.90840 4.47 5.47 7.08 882 13.16 7.80

230 0.314 0.0977 1.19101 149971 10.20 11.08 1249 1401 17.82 12.00
230 0.275  0.0977 1.02451 1.39076 8.90 9.80 11.25 1282 16.74 12.00

210 0.318  0.0945 2.48604  2.27458 18.76 19.47 20.62 21.86 24.95 18.30
240  0.273 0.0945 2.09057 2.08553 16.22 16.97 18.19 1951 22.81 18.30

250 0.315  0.0922 4.92266 3.353,74 31.02 3150 32.29 3/314 3526 27.30
250 0.267  0.0922 408011  3.05279 27.09 27.64 2854 2951 3192 27.30

230 0.780  0.1035 3.34678 251616 25,55 26.17 27.13 28.16 30.73 22.80
230 0.705  0.1035 2.98382  2.37558 2341 24.04 2505 26.15 28.89 22.80

241 0.750  0.1017 7.06800  3.85S68 41.43 41.73 4221 42773 44.01 40.90
241  0.677 0.1017  6.29214 3.63850 38.74 39.09 39.65 40.25 41.77 40.90

250 0.750 0.1010 13.18257 549271 53.16 53.21 53.29 53.37 53.59 51.80
250 0.666 0.1010 11.51925 5.13392 -51.05 51.15 51.31 5148 51.90 51.80

256 0.740 0.0990 19.44167 6.85412 55.82 55.77 55.67 5557 5531 55.40
256  0.654  0.0990 16.89695 6.38909 55.24 55.22 55.18 55.13 55.03 55.40

p. = 5331E -116 Pj = 3.83985 E + 09 m = 1.1355 n = .5687
E,= 154892.4 E, = 87872.56 R = 8.31441

GRETHLEIN and CONVERSE (1982). These parameters were tested for aspen and
Table 3B represents the calculated data \vith new parameters.

This time the predicted yields are shovving some deficits for almost ali runs.
To explain the unsuitability of the new kinetic data for aspen \ve could consider
first the higher* amount of lignin found in NH -poplar (23.7 % vs. 21.8 0/0), whel*eas
the aspen has more polyoses ie. xylan. Furthermore Grethlein and Converse
describes that another reactor tubes with less volime (106.3 and 72.56 mi) was
used and the Moyno pump, the pressure let down orifice were also replaced to
facilitate to run the slurries with high solid eoncentration. Probably these ali
factors resulted in obtaining rather different, somevvhat substrate but more reactor
specific parameters.

On the other hand the kinetic data for alpha eellulose (solka floc) can also
be applied on aspen wood with enough accuracy. Thus the Table 3 A glves evidence
that the reactions taking place during the decomposition of eellulose and glucose
can be expressed by means of 1. order homogeneous reactions.
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Table 3B. Predicted and observed glucose yields.

YIELDS (%)
Temp A.con Time K. K, PREDICTED (G, values)
(C) (%) (min) (1/min) (1/min) 0.00 1.15 3.00 5.00 10.00 OBS.

220 0.308  0.0990 0.49502  0.96888 4.56 5.55 7.15 8.87 13119 7.80
220 0.275  0.0990 0.44261  0.90840 410 5.10 6.72 846 12.83 7.80

230 0314 0.0977 1.02964  1.49971 8.89 9.78 11.22 1277 16.64 12.00
230 0.275 0.0977 0.90326 1.39076 7.89 8.80 10.27 11.86 15.83 12.00

240 0.318  0.0945 2.06932 2.27458 15.93 16.67 17.87 19.16 22.40 18.30
240 0.273  0.0945 1.77991  2.08553 14.01 14.79 16.06 17.42 20.82 18.30

250 0.315 0.0922 3.96363  3.35374 26.08 26.63 27.50 28.45 30.82 27.30
250 0.267  0.0922 3.36665  3.05279 23.09 23.69 24.66 25.71 28.33 27.30

230 0.780 0.1035 2.52857 251616 20.16 20.81 21.86 23.00 2585 22.80
230 0.705 0.1035 2.28834  2.37558 18.61 19.29 20.39 2159 2457 22.80

241 0.750 0.1017 5.16306 3.85668 33.22 33.61 34.25 3493 36.65 40.90
241 0.677 0.1017 4.66652  3.63850 31.12 3156 32.26 33.02 34.92 40.90

250 0.750 0.1010 9.33476  5.49271 4487 45.01 4525 4550 46.12 51.80
250 0.666  0.1010 8.30166  5.13392 42.72 4292 4323 4356 44.41 51.80

256 0.740 0.0990 13.51920 6.85412 49.71 49.72 49.74 49.76 49.81 55.40
256 0.654 0.0990 1196666  6.38909 48.36 48.42 48.51 48.60 48.84 55.40

0.987416 n = .5687

P, = 6.12221 E + 15 P, = 3.83985E + 09 m

E, - 147165.2 E, = 87872.56 R = 8.31441

After coincidence of observed and predicted data in Table 3 A another attempt
swas made to investigate the maximum glucose yields and the required reaction
times under different conditions. Since under these circumstances G, fraction of
cellulose would not impact on the yields and to ease the calculations, it was not
taken into consideration. Thus the follovving equations are used :

ki- -
JU Kk, K,-k,
[ k,) ' ink, - ink,

Table 4 shovvs maximum glucose yields and related times estimated for assumed
acid concentrations from 0.25 up to 2 do at various high temperatures (180° -300°C).
Furthermore the Figure 4 was prepared for instance to visualize the eorrelation
betvveen yield, time and temperatui’e respectively.

The highest yield obtainable in terms of kinetic parameters is around 80 °/.
But achieving this success indeed depends upon that several difficulties had to be
overcome. Some such constraints are being diseussed here briefly :



1ID CON.

(%)

0.2500
0.2500
0.2500
0.2500
0.2500
0.2500
0.2500
0.2500
0.2500
0.2500

0.5000
0.5000
0.5000
0.5000
0.5000
0.5000
0.5000
0.5000
0.5000
0.5000

0.7500
0.7500
0.7500
0.7500
"0.7500
0.7500
0.7500
0.7500
0.7500
0.7500

1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

TEMP.

(©)

180.0
200.0
210.0
220.0
230.0
240.0
250.0
260.0
280.0
300.0

180.0
200.0
210.0
220.0
230.0
240.0
250.0
260.0
280.0
300.0

180.0
200.0
210.0
220.0
230.0
240.0
250.0
260.0
280.0
300.0

180.0
200.0
210.0
220.0
230.0
240.0
250.0
260.0
280.0
300.0
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Table 4. Predieted maximum glucose yields and times.

(1/min)

0.01546
0.08790
0.19857
0.43397
0.91942
1.89174
3.78642
7.38396
26.11865
84.59068

0.03398
0.19312
0.43624
0.95841
2.01992
4.15605
8.31855
16.22214
57.38121
185.84103

0.05384
0.30604
0.69133
1.51089
3.20100
6.58617
13.18257
25.70753
90.93312
294.50580

0.07464
0.42428
0.95841
2.09460
4.43766
9.13064
18.27547
35.63927
126.06380
408.28381

RATE CONS. (K,) RATE CONS.

(1/min)

0.12978
0.34780
0.55221
0.86048
1.31738
1.98371
2.94068
4.29541
8.79565
17.13203

0.19249

0.51586

0.81903

1.27624

1.95392

2.94221

4.36158

6.37088

" 13.04558
25.40998

0.24240
0.64964
1.03144
1.60723
2.46066
3.70525
5.49271
8.02312
16.42883
31.99983

0.28549
0.76511
1.21478
1.89291
2.89804
4.36386
6.46904
9.44921
19.34904
37.68775

(K)

125

TMAX GMAX
(sec.) (%)

1116.539 8.936
317.522 15.873
173.530 20.248

96.295 25.133
54.225 30.404
30.970 35.918
17.933 41.523
10.525 47.074

3.770 57.544

1.420 66.661

656.508 12.171
182.660 20.795
98.737 25.981
54.201 31.572
30.200 37.401
17.073 43.291
9.790 49.082
5.693 54.638
2.005 64.671
0.744 72.968

478.746 14.454
131.438 24.096
70.582 29.720
38.497 35.657
21.317 41.718
11.980 47.720
6.831 53.508
3.951 58.961
1.378 68.570
0.507 76.295

381.743 16.261
103.799 26.617
55.477 32.524
30.120 38.665
16.605 44.841
9.293 50.871
5.278 56.607
3.041 61.943
1.054 71.190
0.386 78.482
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1.2500 180.0
1.2500 200.0
1.2500 210.0
1.2500 220.0
1.2500 230.0
1.2500 240.0
1.2500 250.0
1.2500 260.0
1.2500 280.0
1.2500 300.0
1.5000 180.0
1.5000 200.0
1.5000 210.0
1.5000 220.0
1.5000 230.0
1.5000 240.0
1.5000 250.0
1.5000 260.0
1.5000 280.0
1.5000 300.0
1.7500 180.0
1.7500 200.0
1.7500 210.0
1.7500 220.0
1.7500 230.0
1.7500 240.0
1.7500 250.0
1.7500 260.0
1.7500 280.0
1.7500 300.0
2.0000 180.0
2.0000 200.0
2.0000 210.0
2.0000 220.0
2.0000 230.0
2.0000 240.0
£.0000 250.0
2.0000 260.0
2.0000 280.0
2.0000 300.0
= 5331 E + 16

- 154892.4
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0.09617
0.54662
1.23479
2.69862
5.71736
11.76366
23.54560
45.91665
162.41716
526.02173

0.11829
0.67236
1.51881
3.31935
7.03245

14.46950
28.96148
56.47823

199.77576

647)01532

0.14091
0.80097
1.80934

3.95431"

8.37769
17.23738
34.50155
67.28201
237.99097
770.78320

0.16399
0.93211
2.10557
4.60171
9.74930
20.05950
40.15018
78.29749
276.95508
896.97723

Po = 3.83895 E + 09

E2= 87872.56

R -

0.32412
0.86863
1.37915
2.14903
3.29016
4.95431
7.34433
10.72774
21.96706
42.78712

0.35953
0.96354
1.52983
2.35382
3.64962
5.49559
S.14673
11.89979
24.36704
47.46176

0.39247
1.05182
1.66999
2.60223
3.98400
5.99910
8.89314
12.99006
26.59957
51.81025

0.42344
1.13480
1.80175
2.80754
4.29833
6.47242
9.59480
14.01496
28.69826
55.89802

= 1.1355

8.31441

319.810
86.300
45.955
24.861
13.659

7.620
4.315
2.479
0.855
0.312

276.488
74.144
39.362
21.233
11.634

6.473
3.656
2.096
0.720
0.261

244.313
65.167
34.508
18.569
10.150

5.635
3.176
1.818
0.622
0.225

219.377
58.245
30.774
16.524

9.015
4.995
2.811
1.606
0.548
0.198

n = .5687

17.771
28.668
34.774
41.047
47.282
53.303
58.971
64.194
73.132
80.078

19.075
30.402
36.655
43.017
49.281
55.274
60.870
65.987
74.656
81.318

20.228
31.905
38.272
44.694
50.968
56.926
62.450
67.468
75.901
82.320

21.263
33.234
39.688
46.153
52.425
58.342
63.796
68.723
76.946
83,155
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sekil A.

At high temperatures particularly above 220°C 1 % sulfuric acid itself causes
considerable corrosions in the reactor thus making necessary to use special steel
alloys for reactor building. However the reactor section made from best available
alloys has its durability and should be replaced after a certain time. The restric-
tions and problems related to the slurry pumping into the system at high pressures
and high temperatures v/ere evalueted by GRETHLEIN and CONVERSE (19S2).
Arising the temperature gives rises to drastic increase of rate constants vvhere k,
(celi, decomposition) is much.more boosted than k2 (glu. decomposition), thus resul-
ting in higher glucose yields. But the high temperature acid hydrolysis needs very
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short reaction times indeed as can be seen from Figui'e 4 and Table 4 too. To
assure isothermal conditions in the reactor the acidified slurry must be heated
up and cooied dovvn in very short times such 1/10 of whole reaction time at least.
By means of steam injection in the reactor too short heating times were reached
such as 0.7 seconds from 20° to 240°C and 0.4 sec. for the critical region from
160 - 240°C in the plug floww reactor (GRETHLEIN et al. 1980). Othervvise the
pressure let down orifice enables practically instanteneous eooling of the slurries
in the same system. But the Table 4 dictates much more shorter reaction times for
better glucose yields dver 75 % for instance. Perhaps it is the most serious problem
at this time to build such reactor that enables very short time hydrolysis at high
temperature in pilot scale. By using the continuous plug flovv reactor at 263°C the
highest glucose yields obtained vvere 65.1 % for mbced hardvvood and 66.6 % for
poplar (GRETHLEIN, CONVERSE, 1982).

4. CONCLUSIONS

The kinetic model developed by Saeman can be successfully used to simulate
the dilute sulfuric acid hydrolysis of aspen vvood in the flovw reactor as gathered
from the comparison of the experimental data with the predicted values under
the given conditions. The coincidence vvas much better if the calculated data were
based on the Kkinetic parameters obtained for the alpha cellulose (solka floc) and
as the acid concentrations determined by titration vvere corrected considertng the
organic acids formed in the reactor. The available glucose at zero time is around
3-5% as evaluated from the predicted and observed data. Applying the Kkinetic
parameters for poplar itself vvhich vvere determined later on resulted in lovver yield
values that might be attributed to the subsequent impi'ovements on' the flovv reactor.
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