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K ı s a  Ö z e t

Bu a raş tırm a  ile yurdum uzun önemli b ir orm an yetişm e bölgesi 
olan Bolu - A ladağ civarında, önemli yerli ağaç türlerim izden sarıçam  
m eşcereleri altındaki m evcut ölü örtü  ve yıllık y ap rak  dökümü ile top­
ra k  yüzeyine varan organik  madde m ik tarla rı te sb it edilmiş, ölü ö rtü ­
nün ve yıllık y ap rak  dökümünün ih tiva ettiğ i azo t besin maddesi % ve 
to ta l m ik tarla rı o la rak  hesaplanm ıştır.

G İR İŞ

O rm an  to p ra k la ım ın  üzerinde b itk ise l ve h ay v an sa l a r t ık la rd a n  ib a re t b ir o r­
g a n ik  ta b a k a  m ev cu ttu r. Ölü ö rtü  denilen bu ta b a k a  ve bunun  a y rışm a  ürün leri 
o lan  hum us m addeleri to p rağ m  b irçok  özellik lerin i ve  do lay ısıy la  verim in i önemli 
ölçüde e tk ilem ek ted ir. G erçek ten  o rm an  ölü ö rtü sü  öncelikle to p rağ m  s trü k tü rü n ü  
d üzeltir , böylece kök le rin  gelişim in i ve to p rağ ın  su tu tm a  k ap asite s in i a r t t ı r ı r .  A y­
rıc a  ölü ö rtü n ü n  ay rışm as ı sonucunda b itk ile r  ta ra f ın d a n  k ö k le r v a s ıta s ıy la  de­
rin  to p ra k  tab a k a la r ın d a n  alın ıp  y a p ra k la ra  gelen  besin  m addeleri te k r a r  to p rağ a  
iade edilm iş olur. Bu o lay la r sonucunda ü s t to p ra k ta  bazı besin m addelerin in  a r t ış  
k ay d e tm esi de bah is konusudur. Şu hale  g ö re ; ölü ö rtü n ü n  ve onun a y rışm a  ü rü n ü  
o lan  lıum us’un b itk i beslenm esi bak ım ından  en önem li fonksiyonu  tab ii b ir gübre  
m addesi o la ra k  to p ra ğ a  çeşitli besin m addelerin i ve bu a ra d a  azo t’u verm esid ir. 
A y rıca  to p ra k  o rg an ik  m addeleri m ik ro o rg an izm a la r için b ir besin m addesi o r ta ­
m ıdır, bu su re tle  to p rağ ın  biyolojik  ak tiv ite s in d e  önem li b ir  fonksiyonu  v a rd ır 
( I rm ak , A., Çepel, N., 1974).

Y u k a rıd a  iş a re t  edildiği g ibi o rm an  ölü ö rtü sü  m inera l to p rağ ın  üzerin i ö rten  
ve çoğunluğu  y ıllık  y a p ra k  döküm ü ile m eydana  gelen  b ir o rg an ik  m adde ta b a k a ­
sıd ır. B u ta b a k a  içinde k a b u k  ve dal p a rça la rı, k o za la k  pu lları, tohum  lcarpelleri 
ve b u n a  benzer b itk i a r t ık la r ı  d a  bu lu n u r (I rm ak , A., Çepel, N., 1974). H e r yıl
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dökülen  y a p ra k  vb. o rg an ik  m addeler bu ta b a k a y a  ek len ir. B öylece en ü s t te  taze 
ve p a rça lan m am ış  b itk i a r t ık la r ı  a l t t a  da derine doğru  a y rışm a  derecesi tedricen  
a r ta n  a r t ık la r  bu lunur. B u şekilde ölü ö rtü d e  g ö rü n ü ş bak ım ından  fa rk lıl ık la r  gös­
te ren  ve « y ap rak  tab ak ası» , «çü rün tii tab ak a sı»  ve «hum us tab ak ası»  o la rak  a d la n ­
d ırılan  üç ta b a k a  te f r ik  edilebilir. Bu sebeple ölü ö rtü y ü  «m inera l to p rağ ın  ü zerin ­
de y a ta n ; y ap rak , ç ü rü n tü  ve hum us ta b a k a la r ın d a n  o luşan  o rg an ik  m adde to p ­
luluğu» o la ra k  tan ım lam ak  da  m ü m kündür (I rm ak , A., Çepel, N ., 1974). B u üç 
ta b a k a n m  kalın lığ ı veya  esasen v a rlığ ı ölü ö rtü n ü n  a y rışm a  hızı h ak k ın d a  b ir  f ik ir  
v e rir  ve bu h u su s ta  b ir  hüküm lend irm e yap ılab ilm e o lanağ ı sağ lan ır.

B u ray a  k a d a r  k ısaca  aç ık lan m ay a  çalışıld ığ ı g ib i o rm an  ölü ö rtü sü  çok yönlü 
ve önem li fo n k s iy o n la ra  sah ip tir. O nun sadece tab ii b ir  g üb re  k a y n ağ ı o la ra k  o r­
m an  beslenm esindeki önem ini b e lirtm ek  am ac ıy la  y ap ılan  a ra ş tırm a la r ;  y a p ra k  
döküm ü ile to p rağ ın  yüzüne v a ra n  ölü ö rtü  u zak la ş tır ıld ığ ı tak d ird e  o rm an  a ğ a ç la ­
rın ın  a r tım ın ın  azald ığ ın ı ve h a t t a  bazı ha llerde  tam am en  du rd u ğ u n u  g ö ste rm iş­
t i r  (W ittich , W ., 1951, 1954, W elırm ann, J., 1961, S üch ting , H., 1943).

Bu a ra ş tırm a m ız d a  B olu - A ladağ  m ın tık a s ın d ak i sa r ıçam  o rm an la rın d a ; a şa ­
ğ ıdak i so ru la rın  cevap land ırılm asına  ça lış ılm ış tır:

1. M eşcerelerde m evcu t ölü ö rtü  m ik ta r ı ne k a d a rd ır?

2. Y ıllık  y a p ra k  döküm ü m ik ta r la r ı ne k a d a rd ır?

3. ö lü  ö rtüde  ve h e r yıl dökülen y a p ra k ta k i azo t m ik ta r la r ı  % ve k g /h a  o la­
r a k  n ed ir?

D E N E M E  A L A N L A R IN IN  T A N IT IM I

B u a ra ş tırm a  Bolu - A lad ağ  m ın tık a s ın d ak i sa r ıç am  o rm an la rın d a  seçilen d ö rt 
denem e a lan ın d a  yap ılm ıştır . I  ve I I  n u m ara lı denem e b lok la rı A lad ağ  O rm an  İ ş ­
le tm esi K a r ta lk a y a  B ölgesinin K a ra p m a r deresi m evkiinde, I I I  ve IV  n u m ara lı d e­
nem e b lok la rı ayn ı iş le tm e h u d u tla rı içinde y e ra lan  Ş e rif Y üksel A ra ş tırm a  O r­
m an ın ın  H a rm an c ık  D eresi m evkiinde b u lu n m ak tad ır. M eşcereleriıı a s lı ağaç  tü rü  
sa r ıç am  olup g ö k n a r  sa r ıç a m ’ın m u h te lif  yaş  sa fh a la r ın d a  çam ’m a lt ın a  b ir a l t  
te s is  o la ra k  tab ii b ir şekilde gelm iş b u lu n m ak tad ır . Ü s t ta b a k a y ı teşk il eden s a ­
rıç a m la r  I, I I  ve IH  n u m ara lı denem e b lo k la rın d a  80 - 110, a l t  ve a r a  ta b a k a d a k i 
g ö k n a rla r  50 - 90 yaşla rın d ad ır. IV  n u m ara lı denem e b loku ise d ah a  genç olup s a ­
r ıç a m la r  50 - 70, g ö k n a rla r  20 - 30 y a ş la r ı a ra s ın d ad ır .

I  ve H  n u m ara lı denem e b lok la rında  to p ra k  kum lu  killi b a lç ık  tek s tü rü n d e , 
I I I  ve IV  n u m ara lı b lo k la rd a  ise İdi ve killi b a lç ık  tü rü n d ed ir. H er d ö rt denem e 
b lokunda reaksiyon  asid ik  o rtam d ad ır  (T ablo  1 ). ö lü  ö rtü  ö rnek lerinde y ap ılan  pH  
ö lçm eleri de to p ra k  reak siy o n u n a  y ak ın  d eğ erle r verm iş b u lu n m ak tad ır. T op rak  
ana liz  sonuç la rı 0 - 1 0  cm  derin lik le r a ra s ın d a k i azo t m u h tevasın ın  d a  genellikle 
y ü k sek  değerlere  u la ş tığ ın ı g ö s te rm ek ted ir .
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A R A ŞT IR M A  M ETOD U

M eşcerelerde m evcu t to ta l ölü ö r tü  m ik ta r la r ın ı te sb it e tm ek  için 1 m 2 (1.0 m x  
1.0 m ) yüzey li k a s a la r  k u llan ılm ıştır . B ir denem e b loku içindeki h e r parse lde  üç 
a y rı yerde  1 m : yüzeyli k a sa  ta tb ik  edilm ek su re tiy le  ölü ö rtü  ö rnek le ri to p lanm ış­
tır . A ynı şekilde y ıllık  dökülen y a p ra k  m ik ta r ın ı tay in  edebilm ek  için her parsele  
gelişigüzel üç a y r ı  yere  ü s t  yüzeyi y a ta y  d u ra c a k  şekilde 0.25 m 3 (0.5 m  x  0-5 m ) 
yüzeyli ve k en a r y ü ksek liğ i 20 cm olan k a sa la r  y e rle ş tir ilm iş tir . K a sa la r  5 yıl sü ­
reyle denem e a lan la rın d a  bek letilm iş ve b ir yıl içersinde dökülen y a p ra k la r  belirli 
z am a n la rd a  to p lan m ıştır. G erek ölü ö r tü  ve g e rek se  y ıllık  y a p ra k  döküm ü m ik ta ­
rın ı te sb it am ac ıy la  h e r parse l için üç a y rı değer bu lunm uş ve bu d eğ erle rin  o r ta ­
lam asından  h e k ta rd a k i ölü ö rtü  ve y ıllık  y a p ra k  döküm ü m ik ta r ı hesap lan m ıştır . 
A ynı şekilde azo t k o n san trasy o n u  ve m ik ta r ın ın  hesap lan m as ın d a  üç a y rı analiz  
sonucunun o rta lam as ın d an  y a ra r la n ılm ış tır . Tablo  2 ve tab lo  3 bu o rta la m a  de­
ğ e rle ri g ö s te rm ek ted ir . A naliz  m e to d la n  aşağ ıd a  k ısaca  aç ık lanm ış bu lu n m ak tad ır.

M ekan ik  ana liz  : T o p rak la rın  te k s tü r  tay in i h id ro m etre  m etoduna göre  yap ıl­
m ıştır .

pH  ta y in i : T o p rak  ve ölü ö rtü  reak siy o n u  (pH  değeri) B eckm an  pH  ölçeri ile 
1 : 2.5 o ran ında  H ,0  ile su land ırılm ış çözelti içersinde cam  kalom el e le k tro tla  y a ­
p ılm ıştır.

A zo t tay in i : A zo t tay in i K jeldah l m etoduna  g ö re  to ta l azo t o la ra k  yap ılm ış­
tır.

A R A ŞT IR M A  SO N U Ç L A R I

B u a ra ş tırm a y a  beş yıl devam  edilm iş olup so n u ç la r 1967 - 1968, 1968 - 1969, 
1969 - 1970, 1970 - 1971, 1971 - 1972 y ılla rın ın  y a p ra k  döküm üne a i t  p eriyod la rı k a p ­
sa m a k ta d ır . Ölü ö rtü  te sb itle ri a ra ş tırm a n ın  başlan g ıç  yılı o lan 1967 son b ah arın d a  
denem e a lan la rın d a  m ev cu t y ap rak , çü rü n tü  ve hum us ta b a k a la r ın ın  tam am ın a  a i t  
m ik ta r la r ı  b ira ra d a  g ö ste rm ek ted ir . B ir  h e k ta r lık  o rm an  a lan ın d a  m ev cu t ölü ö rtü  
m ik ta r la r ı  115 .4 -50 .6  ton  a ra s ın d a  d eğ işm ek ted ir (tab lo  2, sü tu n  1 ). IV  n u m ara lı 
denem e b lokunda bu lunan  değerler d iğer denem e b lo k la rın a  gö re  o ldukça d ü şü k tü r 
ve ö rneğ in  I  n u m ara lı denem e b lokundak i m ik ta r ın  a n c a k  % 50’si k ad a rd ır . Bu 
d u ru m  b lok  IV ’ün  d iğerlerine  gö re  dah a  genç  o luşundan  ile ri ge lm ek ted ir. Y ıllık 
y a p ra k  döküm ü m ik ta r la r ı d a  IV  n u m ara lı denem e b lokunda b ir  hay li azd ır  (1963 - 
2760 k g /h a ) .  I, I I  ve I I I  n u m ara lı denem e b lo k la rın d ak i y ıllık  y a p ra k  döküm ü 
m ik ta r la r ı  3429 - 5337 lcg /ha  a ra s ın d a  değ işm ek ted ir. Y ine 1967 -1972  y ılla r ı a r a ­
s ın d ak i top lam  y a p ra k  döküm ünün m ik ta r la r ı b ak ım ından  23378 k g /h a  ile I  n u ­
m a ra lı denem e bloku b a ş ta  ge lm ek te , 11848 k g /h a  ile IV  n u m ara lı denem e bloku 
sonuncu  s ıray ı a lm ak tad ır . IRM A K , A., ve Ç E P E L , N., 1968'in y a p tık la r ı b ir  a r a ş ­
tırm a y a  göre  B elg rad  O rm an ında k a ra ç a m  m eşcere lerin in , 5 y ıllık  te sb itle rin  o r­
ta la m a s ın a  göre, y ıllık  y a p ra k  döküm ü m ik ta r la r ı 4300 - 4824 k g /h a  a ra s ın d a  değiş­
m ek ted ir . Tablo  2 ’deki değerler ay rıca  5 y ıllık  periyod  içersindek i y a p ra k  döküm ü 
m ik ta r ın ın  m evcu t ölü ö rtü n ü n  y ak la ş ık  o la rak  % 20’sine b a liğ  olduğunu da  gös­
te rm ek ted ir .
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T ablo  3’ün  sol y a r ıs ı ölü ö rtüdek i ve y a p ra k  döküm ü ile to p ra ğ a  u laşm ış olan 
a zo t k o n san trasy o n u n u  (100 g r  m u tla k  k u ru  y a p ra k  m addesindeki m ik ta r ) , sağ  
y a rıs ı ise a zo tu n  k g /h a  d eğerle rin i g ö s te rm ek ted ir . N  k o n sa n tra sy o n la rı g e rek  b lok­
la r  içinde ve g e rek se  b lo k la r a ra s ın d a  önem li ölçüde değ işm em ek ted ir. ö lü  ö rtüdek i 
o r ta la m a  azo t m ik ta r la r ı  369.0 - 941.3i k g /h a  a ra s ın d a  b u lu n m ak tad ır, ö lü  ö rtünün  
ih tiv a  e tt iğ i k g /l ıa  a z o t m ik ta r la r ı  b ak ım ın d an  d a  1 n u m a ra lı denem e bloku b a ş ta  
ge lm ek te , b lok IY  ise sonuncu  s ıray ı a lm a k ta d ır . Y ıllık  dökülen y a p ra k la rd a k i azo t 
m ik ta r la r ı  16.3 - 45.0 k g / l ıa  a ra s ın d a  değ işm ek le  b e rab e r genellik le 35 - 40 k g /h a  
a ra s ın d a  b u lu n m ak tad ır . Y ıllık  y a p ra k  döküm ü ile to p ra ğ a  in tik a l eden a z o t ve d i­
ğ e r  besin  m addelerin in , sadece o rm an  beslenm esi yönünden  b ir  g ü b re  m addesi o la ­
r a k  oynad ığ ı ro l çok b ü y ü k tü r . Z ira  100 k g  A m onyum  S ü lfa t (N H 4)2S ö 4 g üb res i ile 
to p ra ğ a  21 k g  N  in tik a l e ttir ilm iş  o lm ak tad ır. Şu h a le  göre denem e b lok ların ın  
çoğunda  y ıllık  y a p ra k  döküm ü sayesinde  h e k ta r  b aşm a  y a k la ş ık  o la ra k  20 k g  A m on­
yum  S ü lfa t gübre lem esine  m uadil a z o t verilm iş o lm ak tad ır. B aş la n g ıç ta  o rgan ik  
ha lde  b ağ lı o lan  bu m ik ta r  a z o t z am a n la  b itk ile rce  a lınab ilecek  am onyum  veya 
n i t r a t  a zo tu n a  d ö n ü ştü rü le rek  te k r a r  b itk ile rin  is tifad esin e  su n u lm ak tad ır . O rm an 
ağ a ç la rm m  y ıllık  besin  m addesi ih tiy ac ı k o n u su n d a  yu rd u m u z ş a r tla r ın d a  yap ılm ış 
a ra ş t ı rm a la r  y o k tu r . Bu balcım dan y ıllık  y a p ra k  döküm üyle to p ra ğ a  verilen  azo tun  
m eşcere lerin  ih tiy ac ın ın  n e k a d a n n ı k a rş ılay ab ileceğ in i söy lem ek m ü m k ü n  değild ir. 
A n cak  b ir  f ik ir  edinm ek ve k ıy as lam a  y ap ab ilm ek  m ak sad ıy la  d iğer ü lkelerde  y a ­
p ılan  a ra ş t ı rm a  so n uç la rından  y a ra r lan ılab ilir . G oussone (1964) gen ç lik  çağm dak i 
s a r ıç a m la rın  y ıllık  a zo t ih tiyac ın ın  60 - 80 k g /h a  a ra s ın d a  d eğ iş tiğ in i b ild irm ek­
ted ir. W it tic h ’e (1961) g ö re  gen iş yay ılışa  sah ip  o lan  çam , lâd in  ve lcaym  g ib i o r­
m an  a ğ a ç la r ı II . b o n ite tte k i ye tişm e m u h itle rinde  to p ra k ta n  h e r y ıl h e k ta rd a  30 - 50 
k g  a z o t a lır la r . B u ik i a ra ş tır ıc ın ın  verd iğ i değ e rle r a ra s ın d a k i f a r k  önem li gö ­
rü lm ek ted ir . A n cak  gençlik  çağ ında  o rm an  ağ aç la rın ın  ağ aç lık  çağ m a  k ıy a s la  besin 
m addesi ih tiy ac ın ın  çok y ü k sek  olduğu d a  b ilinen b ir  g e rçek tir . D iğ e r ta r a f ta n  
m u h te lif  y e tişm e m uhitlerinde , m ü n fe rit ağ aç  tü r le rin in  azo t ih tiyac ın ın  b üyük  de­
ğ iş ik lik le r  g ö s te rd iğ i de b ilinm ek ted ir. Ö rneğ in : k av ak , k a ra a ğ a ç  ve  ak ç a a ğ a ç  gibi 
ağ a ç  tü r le r in in  a z o t ih tiy ac ı iyi to p ra k la rd a  h e k ta rd a  1 yıl için  100 -1 5 0  k g  olup 
şek e r p an ca rın ın  ih tiy aç  g ö ste rd iğ i m ik ta ra  y a k la ş m a k ta d ır  (F IE D L E R , R E IS S IG
1964). Y ap ılan  bu aç ık lam a la rd an  da an la ş ıla cağ ı g ib i o rm an  ağ aç la rın ın  besin 
m addesi a lım m da lokal ye tişm e m u h iti k o şu lla rı önem li ölçüde e tk ili o lm ak tad ır. 
A n cak  bu  d u ru m  bizim  d iğer a ra ş tırm a  son u ç la rın d an  y a ra r la n m a m ız a  da  tam am en  
engel değild ir. Bu düşünüşün  ış ığ ı a ltın d a  A lad ağ  m ın tık a s ın d ak i sa r ıç am  o rm an ­
la r ın ın  y ıllık  a zo t ih tiy ac ın ı 40/50 k g /h a  o la ra k  k ab u l edebiliriz. T ablo  3’ün te tk i­
k inden  de gö rü leceğ i g ib i y ıllık  y a p ra k  döküm ü ile h e r  y ıl to p ra ğ a  y a k la ş ık  o la rak  
35 /40  k g /h a  azo t v e rilm ek ted ir. Bu m ik ta r  a z o t’un  sadece  a ğ a ç la r ın  to p ra k  ü stü  
o rg a n la r ın a  a i t  olduğu, ölen k ö k le rin  de to p ra ğ a  önem li ölçüde o rg an ik  m adde v e r­
d iğ i gözönünde tu tu lu rsa  A lad ağ  m ın tık a s ın d ak i sa r ıç am  m eşcere lerin in  y ıllık  azo t 
ih tiy ac ın ın  b üyük  ölçüde bu yolla k a rş ılan d ığ ı sonucuna  v arılab ilir.



Tablo  1. Toprak - ölü örtü analiz sonuçları.

Tabello  1. An alyso nergebn lsse  von Böden und Streu.

Blolc P a rse l

D erin lik
T iefe

cm

îs k e le t
hacm i
S kele t-
an te il

%

în ce  to p ­
ra k  ağ ır . 

Gevvicht der 
F einerde  

k g
N
°/o

K um
S and

%

Toz
S ch lu ff

°/n

K il
Ton

%
T o p rak  sın ıfı 

B odenart

pH
H ,0

to p ra k ta  ölü ö rtüde  
in Boden in S treu

I 1 0-10 19.5 0.665 0.174 53.71 16.67 29.62 K um lu killi bal. 5.15 4.82
2 10.0 0.670 0.229 53.71 15.23. 31.06 S and ig  to n iger 5.27 5.22

I 3 » 25.5 0.615 0.301 54.34 15.91 29.75 Lehm 5.75 5.85

n 1 :» 20.5 0.585 0.206 57.94 16.09 25.97 » :> » 5.77 5.95
2 12.5 0.795 0.213 50.31 18.97 30.72 :> * s 5.92 5.85
3 s 14.0 0.660 — 49.07 18.02 32.91 > » > 5.97 6.15

I I I 1 5> 13.5 0.520 0.398 42.95 9.90 47.15 K il (Ton) 5.35 5.65
2 4.5 0.795 0.234 36.73i 24.89 38.38 5.65 5.65
3 6.5 0.655 0.311 35.85 27.89 36.26 K illi ba lç ık 5.67 5.65

(T on iger Lehm )

IV 1 » 10.5 0.665 0.283 38.56 35.05 26.39 B alç ık  (L ehm ) 5.70 5.87
2 » 9.0 0.615 0.269 42.98 22.34 34.68 K illi ba lç ık 5.60 5.65

(T on iger Lehm )
3 » 13.0 0.580 0.230 43.42 22.92 33.66 » s 5.60 5.77



Tablo  2. Donomo alan larında m evcut ölü örtü ve y ıllık  yaprak düküm ü m iktarları. 

Tabelle  2. Streum engo und Jü hrlich er Strouabfall in den V ersuchsflachen.

B lok P a rse l

M evcut
ö rtü

Y ıllık  y a p ra k  döküm ü 
Jü h r lic h e r  S treu ab fa ll 

k g /h a
S tre u  -----

to n /h a 19.10.1967 -
24.10.1968

24.10.1968 -
25.10.1969

25.10.1969 -
28.10.1970

28.10.1970 -
25.10.1971

25.10.1971 -
26.10.1972

1967 - 1972

I 1 115.4 3692 4947 5079 4537 6500 24755
2 .106.8 4147 4586 4317 4067 4180 21297
3 110.7 4820 4144 5513 4275 5330 24082

0 111.0 4220 4559 4970 4293 5337 23378

n 1 99.1 3705 3176 3935 3154 4540 18560
2 104.6 3747 3847 4555 4105 5520 21774
3 97.8 3580 3265 3420 4145 4939 19349

0 100.5 3677 3429 3987 3801 5000 19894

I I I 1 89.5 4152 4393 4780 3880 5091 22296
2 86.1 4484 4693 3595 4451 4847 22070
3 85.4 3394 4413 4907 4472 3660 20846

0 87.0 4010 4500 4427 4268 4533 21737

r v 1 50.6 2300 1744 2956 2623 2480 12103
2 58.5 1868 2407 2740 2195 2260 11470
3 54.3 1720 2355 2585 2493 2819 11972

0 54.5 1963 2169 2760 2437 2520 11848
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Tablo  3. ö lü  örtü vc y ıllık  yaprak döküm ündeki N m iktarları. 

Tabeile  3. N -W crte İn Streu und İn nbgafallonen Streu.

B lok P a rse l
Ölü

örtüde
in

S treu

in
Y ıllık  dökülen y a p ra k ta  

Ja h r lic h  abgefa llenen  S treu
ö lü

ö rtüde
in

S treu

Y ıllık  dökülen  y a p ra k ta  
in J a h r lic h  abgefa llenen  S treu

1967-968 968-969 969-970 970-971 971-972 967-968 968-969 969-970 970-971 971-972 967-972

K g /h a

I 1
2
3

0

0.832
0.815
0.897
0.848

0.881
0.962
0.854
0.899

0.904
0.956
0.834
0.898

0.956
0.875
0.858
0.896

0.915
0.912
0.865
0.897

0.880
0.830
0.809
0.840

900.1 
870.4 
993.0 
941.3 '

32.5
39.9 
41.2
37.9

44.7
43.8 
34.6
40.9

48.6
37.8
47.3
44.5

41.5 
37.1 
37.0
38.5

57.2
34.7 
43.1
44.8

224.5 
193.3 
203.2
206.6

I 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 I I 1 0.612 0.861 0.911 0.880 0.868 0.868 547.7 35.7 40.0 42.1 33.7 44.2 195.7
2 0.865 0.981 0.868 0.929 0.939 0.897 744.8 44.0 40.7 33.4 41.8 43.5 203,4
3. 0.629 0.700 0.879 0.719 0.826 0.893 537.2 23.8 38.8 35.3 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 37.5 40.2 188.9

IV 1 0.715 0.897 0.719 0.957 1.125 0.881 361.8 20.6 12.5 28.3 29.5 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 22.4 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 ÜBER DEN JÂHRLICHEN STREUABFALL 
UND DADURCH IN DEN BODEN ANGELANGTEN 

STICKSTOFFGEHALT IN DEN KIEFERNVVÂLDERN 
VON ALADAĞ (BEI BOLU)

Doz. Dr. M ünir DÜNDAR

A b s t r a e t

D iese A riıe it vvurde d u rc lıg e fü h rt um  jiilırlich  ab fa llenden  S treu - 
m engen  in den K ieferm viildern  von A lad ağ  fe s tzu s te llen  und  a u f  diese 
W eise in den Boden zu g efü h rten  N -M engen zu bestim m en.

ZUSA M M ENFASSU NG

W ir w issen, dass d e r o rg an isch er S u b stan z  \vesen tlichen  E in flu ss  au f viele 
E ig en sch a ften  der B öden au s iib t und in u n g ed ü n g ten  BÖden, v o r a llem  der N âh rs to ff-  
g e h a lt d e r o rgan ischen  S u b stan z  fü r  die E rn a h ru n g  der P flan ze  von g ro s se r  B edeutung  
ist. U n te r  den N a h rs to ffe n  h a t  S tic k s to ff  eine S ch liisselstellung . D a  d e r N  - G ehalt 
d e r B öden von Ih re n  G ehalt an  o rg an isch e r S u b stan z  ab h ân g t, ge'tvinnt İh r G ehalt 
an  o rg an isch e r S u b stan z  auch  fü r  die V e rso rg u n g  der P flan ze  m it S tick s to ff  eine 
dom inierende Rolle.

Die A rb e it w urde  in den K iefernbestünden  von A lad ağ  (bei B olu) d u rch g e fü h rt 
um  folgende F ra g e n  zu b ean tw o rten :

1. W ie hoch is t  die M enge an  o rg an isch e r S u b stan z  in den K iefe rnbestünden?

2. W ie verlfiu ft der S treu ab fa ll in diesen B estan d en ?

3. W ie  hoch is t  die N -M enge, die d u rch  den jah rlich en  S treu ab fa ll İn den Boden
g e la n g t ? — -

F ü r  die U n te rsu ch u n g en  w urde  je zvvei V ersuchsflüchen  in R ev ie r K a r ta lk a y a  
und im  V ersuchs\vald  Ş erif Y üksel g ew ah lt. Jed e  V ersuchsflache  b estan d  aus drei 
P arze llen . In  jed e r P arze lle  vnırde in drei versch iedenen  S tellen  m it H ilfe  von H olz- 
k a s te n  in 1 x  1 m  (1 m 2) G rösse, G esam tm enge des o rgan ischen  S u b stan z  bestim m t. 
A usserdem  w urde  in drei S tellen  jed e r P arzelle , d u rch  H o lzkasten  in d e r G rösse 
von 0.5 >< 0.5 m (0.25 m 2) fü n f Ja h re  la n g  J â h r lic h  ab gefa llene  S treu m en g e  fest- 
g e s te llt. A uf diese W eise w urde  drei W erte  fü r  jede  P arze lle  e rh a lte n  und durch  
M itteh v erte  von o rg an isch e r S ubstanz  und von Jâ h r lic h  abgefa llene  S treum enge  die 
W erte  p ro  H e k ta r  e rrech n e t. D er N -G ehalt a ls  % und a ls  k g  p ro  H e k ta r . w urde  
a u f  g le icher W eise bestim m t.
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D ie A naly senergebn isse  von B öden und  S treu  sind in  d e r T abelle  1 ers ich tlich . 
T abelle  2 e n th a l t die vorhandene o rg an isch e r S u b stan z  un d  jâ h r lic h  abgefa llene  
S treu m en g e  in  den V ersuchsflâehen . In  die T abelle 3 sind  die N -W erte  a ls  % und 
a ls  k g  p ro  H e k ta r  in dem  vo rhandenen  o rgan ischen  S u b stan z  und in der abgefa llenen  
S tre u  e in g e trag en .

D ie E rg eb n isse  der U n te rsu ch u n g en  zeigen, dass die M enge an  o rg an ischer 
S u b stan z  zvvischen 50 .6 -115 .4  t / h a  w eclıse lt (T abelle  2 ). J a h r lic h e r  S treu ab fa ll 
lie g t zw ischen  1720 - 6500 k g /h a . D er M ittelvvert von 5 jâ h r ig e n  S treu ab fa ll w echselt 
z \v ischen 11848 - 23378 k g /h a . T abelle 3 ze ig t die N -W erte  im  vo rhandenen  o rg a ­
n ischen  S ubstanz , sow ie in abgefa llenen  S treu  a ls  o/0 und a ls  k g  pro H e k ta r . N -G ehalte  
in  o rg an isch e r S u b stan z  liegen  zvvischen 0.677 -0 .848 %; d ie N -W erte  a ls  k g  pro  
H e k ta r  zvvischen 369.0 - 941.3. G esam t N -M engen in d e r jâh r lich  abgefa llenen  S treu  
s ind  im  M itte l 16.3 - 45.0 k g /h a . N ach  den L ite ra tu ra n g a b e n  liegen jah rlich e r 
N -B ed arf von K iefern  in Ju g en d s tad iu m  zvvischen 60 - 80 k g /h a  (G U SSO N E  1964); 
bei K iefer, F ich te  und B uche zvvischen 3 0 ^5 0  k g /h a  (W IT T IC H  1961). W enn m an 
oben ervvâhnten W erte  a ls  M ass vor A uge h a lt, k an n  g e sa g t vverden, d ass  der 
N  - B ed a rf von K iefe rn b estân d en  in A ladağ , zum  g rö ss te n  Teil, allein  d u rch  die 
N -M enge von jâh rlich en  S treu ab fa ll g ed eck t vvird.
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THE 3MLUTE ACID HYDROLYSİS OF WOOD

D r. Güneg U ÇA R 1

A b s t r a c t

A spen (P opu lu s trem ulo ides) \vas Iıydrolyzed \vitlı d ilu te  su lphu ric  
acid  in  a  flow  reacfcor. B y coıısidering  tlıe  o rg a ııic  acids fo rm ed a t  ele- 
v a ted  te m p e ra tu re s  a  correspo ııdency  could be a tta in e d  betvveen d e te r- 
m ined glucose y ields and  p red ic ted  values ca lcu la tcd  by m ean s o f k ine tie  
p a ra m e te ra  fo r eellulose and  glucose decom position  respectively .

1. IN T R O D U C TIO N

C u rren tly  th e  rene\ved in te re s ts  a re  a ris in g  in u tiliz a tio n  of w ood and wood 
residues a s  a  source of energy  and Chemical in te rm ed ia te s . T he etliy i alcohol pro- 
d uc tion  from  wood is reg a rd ed  as  the  m ost p ro m iss in g  w ay  since i t  is a  clean 
liqued fu e l on one h an d  and  the  e th an o l is a  va luab le  s ta r t in g  m a te r ia l in the  
in d u s try  to  sy n th esize  m an y  other'C İıem icals.

F e rm e n tin g  th e  su g a r  Solutions to alcohol is one of th e  o ldes t technique know n 
by th e  m ankind . N ea rly  h a lf  of wood consists  of eellulose w hich  is th e  im p o rta n t 
s t ru c tu ra l  com ponent of th e  p la n t cells. T h e re  a re  also o th e r po lysaccharides 
(po lyoses) in  the  celi w all so th a t  to g e th e r  w ith  eellulose 2 /3  - 3 /4  of wood is 
com posed of su g a rs  in po lym er form s. T he eellulose and  som e polyoses can deliver 
-a f te r  being  converted  in to  th e ir  m onom ers- su g a r  Solutions th a t  a re  readely  fe r- 
m en tab le  to  e th y l alcohol.

T he convertion  of eellulose in to  glucose can be accom plished  by m eans of 
ac id  - and  enzym atie  hydro lyses. A cid h yd ro ly sis of w ood can  be ca rr ied  ou t using  
e ith e r  d ilu te  acid  a t  e levated  te m p e ra tu re s  o r co n cen tra ted  acid  a t  low er tem p e­
ra tu re s . B oth  sy s tem s have been p rac tised  d u rin g  th e  W orld  W a r I  and I I  (STAM M , 
H A R R IS , 1953, W EN ZL, 1970, G O LD STEIN , 1980). T oday  only in the  U SSR  över 
40 p la n ts  a re  in op era tio n  on w ood and  a g r ic u ltu ra l residues (F E N G E L , W E G E N E R , 
1984). D ilu te  acid  hydro lysis has found vvider app lica tio n s th a n  th e  concen tra ted  
ac id  because of recovery  and corrosion p rob lem s in th e  la s t  p rocesses. In  m any  
case  a  p rehydro lysis s tep  is connected  to rem ove ease ly  hydro lyzed  polyoses under 
m ild e r conditions. Thus, re la tiv e ly  p u re  g lucose s tre a m s  w ere  ob ta ined  from  res idua l 
eellulose d u rin g  subsequen t hydro lysis called also  eellulose sacch ariflca tio n  (C E D E R - 
Q U IST, 1952, SPR IN G E R , 1985, H A R R IS  e t al., 1985).

l  1.0. Orman Fakültesi Orman ürünleri K im yası ve Te kn o lo jis i AnBbilim  Dalı, Bahçeköy - İSTA N B U L.

Ya y ın  Kom isyonu na Su nu ld uğu  Tarih  : 1.9.1988
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T he ac id  hydro lysis of eellulose occurs in tw o s tep s  a s  a  he te rogeneous reaction . 
F i r s t  th e  oxygen a to m  of glycosidic bond betw een  anhydrog lucose  u n its  is p ro to n a- 
ted  rap id ly . A  m ore slow  scission of the  bond ta k e s  p lace  aftervvai'ds. A t elevated  
tem p e ra tu re s , i.e. above 150° C a  p a r t  of eellulose called  am orphous f ra e tio n  and  
th e  m o s t polyoses can  be hydro lyzed  m uch fa s te r  th a n  th e  cry s ta lline , res is tive  
eellulose. Hovvever a t  these  conditions th e  decom position  of m onom eric su g a rs  is 
also unavoidable. A n o th e r type  of reac tio n s  of glucose in th e  aqueous acid  Solutions 
a re  re fe rre d  to  a s  reversion  w hich  covers th e  fo rm in g  of reversib le  p ro d u e ts  ( — re- 
version  p ro d u e ts) such  a s  d isaccharides, o ligosaccharides an d  an h y d ro su g ars . A f te r  
e v a lu a tin g  som e recen tly  announced  w o rk s th e  F ig ü re  1 w as p rep a red  to  show  
th e  possib le reac tio n s  of vvood po lysacclıarides (eellulose, polyoses) in d ilu te  acid 
(G R E T H L E IN  e t al. 1980, H A R R IS , 1981, C O N N E R  e t al. 1985).
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Figııro 1. Tho reactions of wood po iysa ccharid es in dilute acid.

A lth o u g h  th e  acid  hydro lysis of eellulose is a  he te rogeneous reac tio n  earlieı* 
vvorks shovved i t  could be expressed a s  a  f i r s t  order, lıom ogeneous one (SEA M A N , 
1945, YOUNG, 1949, K IR BY , 1948). T he consecu tive rea s tio n s  can be g iven then  
as follovvs :

ltj k2
Cellulose glucose —* decom position p rodue ts  
( re s is ta n t)
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T he k, and  k , r a te  co n s ta n ts  a re  to  be determ ined  acc. to  th e  equa tions :

(1 )

dG
  =  k,C -  k 2G
d t

(2 )

On th e  o th e r  side the  ra te  co n stan ts  lc, and  k, hav e  an  A rrlıen iu s  tem p e ra tu re  
dependence and  an  add itional acid co ncen tra tion  dependence :

The iso th e rm a l so lu tion  of the  ra te  equations also needs to  in co rp o ra te  an o th e r 
g lucose frac tio n  (Gu) w hich is assum ed to be ava ilab le  a t  zero tim es a s  a  re su lt of 
th e  in s tan ten o u s  hydro lysis of am orphous eellulose and  polyoses (g lu co m an n an s). 
Thus, th e  in teg ra tio n  of equation  (2) vvith Gu fra c tio n  ta k in g  in to  accoun t gives:

w here :

G =  p red ie ted  glucose, as °b of p o ten tia l glucose 
C0 =  re s is ta n t eellulose, as % of p o te n tia l glucose 
Gu =  read ily  hydrolyzed eellulose frac tio n , a s  % of pot. glu. 
t  =  tim e, m inu tes
k, =  eellulose decom position  ra te  constan t, m in - 1 (Eq. 3) 
k 2 =  glucose decom position ra te  constan t, m in -1 (E q. 4)
A  =  acid  concen tra tion , vvt %
m =  exponen t on acid  co ncen tra tion  in eellulose decom position
n =  exponen t on acid  co ncen tra tion  in g lucose decom position
T  =  tem p era tu re , K elvin 
R  =  g a s  co n stan t, 8.31441 J  K - 1 m o l-1
E, =  a e tiv a tio n  energy  fo r  eellulose decom position , J /g m o l 
E : =  ae tiv a tio n  en erg y  fo r  glucose decom position, J /g m o l 
Pj =  p re  exponen tia l co n stan t in Eq. 3, m in - 1
P 2 =  p re  exponen tia l co n s tan t in Eq. 4, m in - 1

T he p a ra m e te r  vec to r (m, ıı, E„ E,, P „  P 3 an d  G0) a re  e s tim a ted  from  the  
ex perim en ta l d a ta  u sin g  som e a lg o rith m s  o r reg ressio n  analyses. T able 1 gives 
som e seleeted  p a ra m e te rs  from  ea rlie r  w o rk s ca rr ied  o u t in various sy stem s such 
a s  g la s  bom bs o r am pules (SA EM A N , 1945, MC K IB B IN S , 1958), flow  re ac to rs  
(G R E T H L E IN . e t al. 1980).

k, =  P , A m exp ( —E ,/R T ) 

k , =  P 3 A» exp( —E :/R T ) (3)

(4)

G =  C(
k, \  ( — k ,t)
  (exp — exp

( —k jt)
) -f G0 exp

( — k ,t)
(5)
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Table 1. Experim ent Conditions and K in etic  Poram eters of G lucose-and Cellulosei Decom positlon.

C o n d i t i o n s
Tem p. T im e h 3s o 4 T ype of

No. S u b s tra te (°C ) (m in con. (% ) R eac to r R ef erence

1 G lucose 170 - 190 0.5 - 30 0.1 -1 .6 G las Saem an,
bom b Saem an,

2 D ouglas 170 - 193 0.5 - 10 0.1 -1 .6 G las (1915)
bom b (1915)

3 G lucose 180 - 260 0.3 - 60 0.12 - 3.8 G las M cK ibbins
am pule (1958)

1 G lucose 180 - 260 0.06 - 0.27 0.6 -3 .75 F low G reth le in
R eac to r G reth le in

5 A lpha Cel. 180 - 210
eoöI<Nd

0.5 -2 .1 F low e t a l (1980)
R e a c to r e t a l (1980)

6 P o p la r 180 - 265 0.08 - 0.11 0.31 -1 .6 F low G reth lein ,
R e a c to r Conv. (1982)

P a r a m  e t  e r  s

P re-ex p o n en tia l > A ctiv . E n e rg y G0
No. (m in.-*) A cid exponen t (J /g m o l) (% )

1 2.38 X 10» 1.02 137620.1 100
2 1.735 X 10'9 1.31 179613.7 0
3 1.83 X 10» 0.8631 136096.1 100
1 3.83985 x  1019 0.5687 S7872.5 100
5 5.331 x  1016 1.1355 151892.3 ou
6 6.122 X 10'3 0.9871 117165.2 1.1

The k in e tic  m odeling of reac tio n s  is being  considered a  useful device fo r de­
sign ing , developing and  o p e ra tin g  of Chemical processes. In  th e  v ery  re c e n t w orks 
th e  e ffec ts  of aslı c o n stitu en ts  on the  su lfu ric  acid  a s  c a ta ly s t and  th e  reversion  
reac tio n s  w ere em phasized and  inco rpo ra ted  in to  th e  m odel to  im prove th e  perfo r- 
m ance of k in e tic  equations (C O N N ER  e t al. 1985, H A R R IS  et. al. 1981, SPR IN G E R , 
H A R R IS , 1985). D uring  th e  la s t decade th e re  a re  also in tensified  stu d ies  on the 
fe rm e n ta tio n  of pen toses to  e thano l (W A N G  e t al. 1980 JE P F R IE S , 1981, 1985, 
M A LESZK A , SC H N E ID E R , 1982, DELIAVEG e t al. 1981). In  th is  w ay, the  p rehyd- 
ro ly sis  fie ld  of especially  hardvvoods is rece iv ing  m ore and  m ore  a tten tio n . M any 
r a te  stu d ies  perfo rm ed  in th is a re a  ind ica te  th a t  th e  hydro lysis of xy lan  also f i ts  
in to  th e  f i r s t  o rd e r hom egeneous reac tio n s (C O N N ER , 1981, C O N N ER  e t  al. 1985, 
C O N N ER , LO R EN Z, 1986, M A LO N EY  et. al, 1985, SP R IN G E R , 1966).

2. M A T E R IA L  AND M ETH O D S

T he aspen  wood (P opu lus trem ulo ides), grovving in N ew  H am psh ire , U .S.A. 
vvas W iley  m illed and  th e  frac tio n  p ass in g  th ro u g h  60 m esh  is used fo r  p rep a rin g  
of th e  7 % s lu rrie s  fo r  th e  acid hdyro lysis exp e rim en ts  in  a p lu g  flow  re a c to r  
vvhich vvas developed by G R E T H L E IN  e t a l (1980). Tvvo series of ru n s  w ere  carried



118 G Ü N EŞ U Ç A R

ou t by ac id ify ing  the s lu rry  in the  ta n k  w ith  v arious am o u n ts  of su lfu ric  acid 
re su ltin g  in 0.37 and  1 °/0 acid concen tra tio n s and  by e lev a tin g  th e  te m p e ra tu re s  
s tepw ise  from  220o ııp to 255°C. A t th e  beg inn ing  and  end of each ru n  th e  s lu rry  
ta n k  w as  sam pled  to de te rm ine  th e  acid  and  th e  solid  concen tra tio n  m ore accu ra- 
te ly  by t i t r a t in g  w ith  0.1 N  N aO H  or öven d ry in g  a t  102° ^  2°C respectively .

The p o ten tia l glucose value of th e  p o p la rs  fo r th e  1. and  2. ru n  w as dcterm ined  
by hyd ro lyzing  the  w ood w ith  72 and  77 % su lfu ric  acid  f irs t , th en  n eu tra ly z in g  
w ith  B a C 0 3 and  an a ly z in g  a t  the  HPL.C (H igh  p re ssu re  liquid ch ro m ato g rap h y ) 
fo r  d if fe re n t k ind  of su g a rs . The p op la r used fo r  th e  f i r s t  series con ta ined  45.0 n'0 
an d  th a t  fo r  the  second series 47.6 % p o ten tia l g lucose respective ly .

T he desired  re a c to r  te m p e ra tu re s  vvere reach ed  by in c reas in g  th e  arnoun t of 
s team , consequently  th e  sy s tem  p ressu re . F ro m  re a c to r  o u tle t th e  sam ples (hyd- 
ro ly za te s ) w ere  ta k e n  and  the  sam p lin g  tim e w as also m easured . The collected 
sam p les w ere  then  sub jec ted  to d if fe re n t analy ses, nam ely  d e te rm in a tio n  of acid 
concen tra tio n  (ca lcu la ted  as % su lfu ric  ac id ), solid co n cen tra tio n  and  the  am o u t 
o f g lucose (H F L C  m ethod  and glucose an a ly z e r) .

T he yield  of glucose achieved d u rin g  each  ru n  \vas e s tim a ted  acc. to the
equa tion  :

G , .100
Y ield (o/o) —--------------, w here

F .G ,

G, =  th e  arnoun t of p o ten tia l g lucose (m g /m l)  in  th e  s lu rry  (pum ped in th e  sy s tem ),

G, =  th e  p o te n tia l g lucose in th e  hyd i'o lyzate  (m g /m l) , F  =  d ilu tion  fac to r.

To e s tim a te  the  d ilu tion  fa c to r  a  sim ple w ay  w as developed. A n ex ac t arnoun t 
of 1 % su lfu ric  acid  solu tion  w as pum ped  in th e  sy s tem  an d  th e  elapsed tim e w as 
m easu red . A t th e  sam e tim e th e  sam ple fro m  re a c to r  o u tle t w as  collected, tlıu3 
enab ling  to  ca lcu la te  th e  flow  in - and  flow  o u t - r a te s  of th e  sy s tem . F low  in 
r a te /f lo w  o u t r a te  ra tio  sim ply  gave  th en  th e  d ilu tion  fa c to r  fo r  a  ce rta in  re a c to r 
te m p e ra tu re .

B y in c reasin g  th e  arnoun t of s team  in th e  re a c to r  b u t keep ing  th e  flow -in  
r a te  co n s ta n t a  d ilu tion  fa c to r  curve w as ob tained . On th e  o th e r  side by  chang ing  
th e  m oyno pum p speed and  proceed ing  in s im ila r v /ay  severa l d ilu tion  fa c to r  curves 
w ere  d raw n .

F ig ü re  2 show s an  exam ple of d ilu tion  fa c to r  curve ob ta ined  as described above. 
A n o th e r curve w as  o lsa  d raw ıı here  using  th e  fo llow ing  em piric  fo rm u la  suggested  
by  MC PA R L A N D  (1980),

F  =  -1 .6 9 0  . 1 0 -3 T  =  1.055

w hich  seem s to  be unable to re f lec t adeq u a te ly  th e  pum p p erfo rm ance  especially  
a t  h ig h e r tem p e ra tu re s .
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Figüre 2. Ttıe dilutioıı factor curves for the plug flow  reactor. 

of acid hydrolysis of aspcn İn tho plug flow  reactor.

R un
No

Teınp.
(°C )

A. CO ll. 

(°/o) F

R e s i d u e 
(mg/ml) ( % )

G jF G2 
(mg/ml) (mg/ml)

Glu
Yielc
( % )

1 - 0 S ta r t 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 5.42 27.3

2 - 0 S ta r t 0.99 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 9.85 51.8

2 - 4 256 0.74 0.573 8.09 20.8 18.51 10.25 55.4
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3. R E S U L T S  A N D  D ISC U SSIO N

T able 2 su m m arizes th e  d a ta  ob ta ined  from  both  ru n s  series. In  F ig ü re  3 the 
p o te n tia l g lucose yields w ere p lo tted  vs. te m p e ra tu re s  to ob ta in  co rre la tio n s (T able 
2, F ig ü re  3).

W Iıile th e  curve of f i r s t  series (in itia l acid  con. =  0.367 % ) is show ing  a s tead y  
in c rease  a t  th e  second series w here m ore  acid  app lied  (0.99 %) the  n ea rly  m ax im um  
g lucose yield w a s  achieved a t  256oc. T he sm all d ifference  betw een  glucose yields 
of ru n s  a t  250° an d  256oC (ru n  no: 2 - 3  and  2 - 4 )  su p p o rts  also th is  opinion.

T he am o u n t of residues in h y d ro lyza tes  w as  included in T able 2. To ease a 
com parisoıı th e  solid concen tra tio n  of th e  s lu r ry  w as  tak en  100 %. T he residue 
co n cen tra tio n s  of h y d ro ly za tes  based on th is  w ere  ca lcu la ted  by equation  :

TEMPERATURE ° C
Figuro 3.

The solid con. of hy d ro ly za te  . 100
R esidue  con. (% ) =

T he in itia l con. of s lu rry  . F

T he d ilu te  acid  hydro lysis ap p a ren tly  involves th e  so lub ility  of wood. E ven a t  
th e  m o st m ild  conditions applied  here  (ru n  1 - 1 )  n e a rly  th e  h a lf  of wood w as 
dissolved w here  the  glucose y ield is only 8 %. T he dissolved p a r t  of w ood m akes 
up m ore  th a n  h a lf  of w ood a t  250°C (ru n  no: 1 ^ 4 )  an d  th is  tim e  2 7 %  glucose 
y ield  is ob tained . M ost likely  the  polyoses of w ood a re  reade ly  being  hydrolyzed 
and  th e  lign in  itse lf  rises  as the  m o st r e s is ta n t  w ood com ponent to th e  acid  h y d ­
rolysis. P ro b ab ly  i t  rem ain s a lm o st q u a n tita tiv e ly  in th e  residues.
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T he p o p la r con ta in s roug h ly  20 % lignin  vvhich is s tili unso luab le  a t  such higiı 
te m p e ra tu re s  (U ÇAR, 1982). A sum ing  the  r e s t  of cellulose vvould be in the  resldue 
vvithout fu r th e r  decom position  ( ~  3 3 %  o f vvood), so th e  am o u n t of residue  should 
be 5 3 %  d u ring  th e  ru n  a t  250^0 (ru n  no : 1 - 4 ) .  T he d ifference  is ab o u t 7 %  
(53 -4 6  % ) vvhich ind ica tes no c ritica l g lucose decom position  occurs u n d e r these 
conditions. On th e  o th e r side th e  m ax im um  glucose yield of 55 % vvas achieved 
d u rin g  th e  second se ries-run  a t  256°C. T his corresponds 26 % of vvood. U nder the 
logical assum ption , th a t  th e  residue ob ta ined  a f te r  th is  ru n  consisted  of only the 
r e s t  of cellulose and  lignin, i t  vvould a m o u n t to 46 %. The determ ined  residue of 
21 % c lea rly  shovvs serious glucose losses. T he H M F vvas detec ted  on th e  H PL C  - 
ch ro m a to g ram s of th e  sam e h y d ro lyza te  vvhich also  verifies these  resu lts .

The k in e tic  p a ra m e te rs  vvere e s tim a ted  fo r so lk a  floc hydro lysis and  glucose 
decom position  in th e  p lug  flovv re a c to r  by  G R.ETH LEIN  e t al. (1980). T hese p a ra ­
m e te rs  g iven  in T ab le  1 (line a lp h a  cellulose) vvere used to  ca lcu la te  th e  reac tion  
ra te  co n stan ts , k, fo r cellulose hydrolysis, k , fo r  g lucose decom position. T he pred ic ted  
g lucose y ields vvere then  ob tained  fo r th e  f i r s t  and  second series ru n s  u sin g  the  
eq u a tio n  (5 ). T he G0 frac tio n  of cellulose (read lly  hydro lyzed  cellulose vvas assum ed 
to  be 0 %, 1.15 %, 3i %, 5 % and 10 % by ev a lu a tin g  th e  d iffe ren t re la te d  vvorks 
(P A G A N  e t al. 1971, SA EM AN , '1945, G R E T H L E İN , C O N V ER SE, 1982).

«t* reac tio n  tim es vvere also found ou t by  d iv id ing  th e  flovv ou t ra te s  th ro u g h  
th e  re a c to r  volüm e (112.9 cm 3). T ab le  3 re p re se n ts  then  reac tio n  tim es, ca lcu la ted  
an d  observed  yields fo r  each run .

Table 3. Observed and predicted g luco se  y ie lds.

Tem p A. con T im e K, k 2
Y İ E L D S  

P R E D İC T E D  (G0
(% )

values) OBS.

(°C ) (% ) (m in) (1 /m in ) (1 /m in ) 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 1.49971 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 24.95 18.30

250 0.315 0.0922 4.92266 3.35374 31.02 31.50 32.29 33.14 35.26 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 41.73 42.41 42.73 44.04 40.90

250 0.750 0.1010 13.18257 5.49271 53.16 53.21 53.29 53.37 53.59 51.80

256 0.740 0.0990 19.44167 6.85412 55.82 55.77 55.67 55.57 55.31 55.40

P, =  5.331 E  4- 16 P , =  3.83985 E  +  09 m  =  1.1355 n  =  .5687

E, =  154892.4 E , =  87872.56 R  =  8.31441
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A t tlıe  f i r s t  g lance  a tendeııcy can be observed th a t  the  p red ie ted  yields are  
som evvhat lıigher th a n  the  experim en ta l de term ined  yields in  m an y  cases. P a rtic u -  
îa r îy  ta k in g  G(, values m ore th a n  3 % an d  a t  lıigher te m p e ra tu re s  w ith  low er acid 
co n cen tra tio n  (1. se r ie s) , o r a t  low er te m p e ra tu re s  w ith  lıigher ac id  concen tra tion  
(2. se ries) these  excesses a re  noticeab le .

To explain  these  d ifferences a tten tio ıı w as p a id  to  th e  acid  co n cen tra tio n s d e te r­
m ined by  th e  ti tr a t io n  m ethod. F in d in g  o u t th e  co n cen tra tio n  of I-I+ ions w hich 
rea lly  p a r tic ip a te  in th e  c a ta ly tic  c leavege o f e tlıe r  bonds betw een  aııhydroglucose 
u n its  of eellulose m olecules is considered r a th e r  d ifficu lt. T he de te rm ined  acid 
c o n cen tra tio n s a ffe c t th e  r a te  co n s tan ts  k, and  lc, fro m  ıvhich  th en  th e  p red ieted  
y ields a re  e s tim a ted . A s know n, th e  lıardw oods, a lso  pop la rs, con ta in  ace ty l groups, 
uron ic  ac ids bound on th e  xy lan  m olecules in ap p ree iab le  am oun ts . T he p ercen tage  
of a c e ty l g ro u p s and  uronic acids in aspen  w ood is 3.7 and  4.3 respective ly  
(T IM E L L , 1967). T he ace ty l g ro u p s  s p l i t t  o ff easily  a t  h ig lı te m p e ra tu re s  w hereas 
th e  u ron ic  ac ids seem  to  be m ore  re s is ta n t a t  low  te m p e ra tu re s  b u t above 200°C 
th ey  a re  sub jec ted  to  hydro lysis too. B esides these  ac ids u n d er th e  conditions here 
som e o th e r  o rgan ic  acids should be expected  to  occu r w hich  also co n trib u te  to 
inerease  of H + ions in  re a c to r  m edium ,

I f  a li H + ions from  o rgan ic  acids w ere  fo rm ed  a t  th e  beg im ıing  o r ıvhethcr 
th ey  a li re a lly  ac te d  on oxygeıı boııds betw een g lucose u n its  to  c leavege them  is 
d ispu tab le . B u t i t  m ig h t be deduced u n d er log ical considera tion , th a t  e ith e r the 
h a lf  a rnoun t of the  H  i- ions (o r ig in a tin g  from  o rg an ic  acids) could ta k e  p a r t  in 
th e  h yd ro ly sis o r th e  w hole H-ı- ions- excess w ould  p la y  i t s  c a ta ly tic  ro le fo r  a  ha lf 
tim e o f th e  reac tio n .

B y u sing  th e  d ilu tion  fa c to r  «Fs> and  th e  in itia l su lfu ric  acid  co ncen tra tion  of 
s lu rry  i t  is possible to find  o u t th e  m in era l ac id  co n cen tra tio n  of m edium  in the 
re ac to r. On the o th e r  side the  acid co n cen tra tio n  values o f th e  h y d ro ly za tes  should 
be consecjuently lıigher th an  those ob ta ined  th is  w ay  because  of th e  o rg an ic  acids. 
By su b tra c tin g  the  h a lf  value of d ifference  from  de te rm ined  ac id  concen tra tio n s a 
co rrcc tion  w as  m ade an d  then  the  T able  3 w as re a r ra n g e d  a g a in  shovving the  
p red ie ted  an d  observed yields fo r  bo th  de te rm in ed  and  co rrec ted  acid  co n cen tra tions 
(T ab le  3 A ).

F ro m  T able  3 A  is obvious a  b e tte r  a g g reem en t be tw een  observed and  ca lcu la ted  
y ields v /as achieved. A t low er te m p e ra tu re s  th e  read ily  hydro lyzed  f ra c tio n  of 
eellulose h as  a  considerab le  in'fluence on th e  glucose y ields and  th is  becom es m ore 
effec tive  d u rin g  th e  exp erim en ts  w here  the g lucose decom position  r a te  co n stan ts  
a re  sm all resp ec tiv e ly  w h ere  the  hydro lysis vvith m ore  d ilu ted  ac id  (1. series) ta k in g  
p lace. On th e  o th e r  side in the  case ta k in g  G0 value as 10 %  h igh  p red ie ted  glucose 
y ields a re  ob ta ined  p a rtic u la r ly  a t  lovver te m p e ra tu re s  w ith  low er acid  con cen tra ­
tions because th e  glucose decom position u nder these  conditions is also very  sm all.

T herefo re  i t  w ouîd n o t be w rong  to  conelude th a t  th e  ap p ro p r ia te  G0 values 
fo r eellulose hydro lysis w ould lie betw een  3 - 4 %.

R ecen tly  th e  eellulose decom position  p a ra m e te rs  fo r th e  N ew  H am pslıire  pop lar 
hydro lyzed  in the  p lug  f!ow re a c to r  u nder d iffe ren t conditions w ere  e s tim a ted  by
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Tablo 3A.

Y İ E L D S  ( o/o )

Tem p A. con T im e K, K, P R E D IC T E D  (G„ values)
(C) (% ) (m in) (1 /m in ) (1 /m in ) 0.00 1.15 3.00 5.00 10.00 OBS.

220
220

0.308
0.275

0.0990
0.0990

0.54998
0.48357

0.96888
0.90840

5.05
4.47

6.04
5.47

7.62 
7.08

9.34
8.82

13.63
13.16

7.80
7.80

230
230

0.314
0.275

0.0977
0.0977

1.19101
1.02451

1.49971
1.39076

10.20
8.90

11.08
9.80

12.49
11.25

14.01
12.82

17.82
16.74

12.00
12.00

210
240

0.318
0.273

0.0945
0.0945

2.48604
2.09057

2.27458
2.08553

18.76
16.22

19.47
16.97

20.62
18.19

21.86
19.51

24.95
22.81

18.30
18.30

250
250

0.315
0.267

0.0922
0.0922

4.92266
4.08011

3.353,74
3.05279

31.02
27.09

31.50
27.64

32.29
28.54

3/3.14
29.51

35.26
31.92

27.30
27.30

230
230

0.780
0.705

0.1035
0.1035

3.34678
2.98382

2.51616
2.37558

25.5S
23.41

26.17
24.04

27.13
25.05

28.16
26.15

30.73
28.89

22.80
22.80

241
241

0.750
0.677

0.1017
0.1017

7.06800
6.29214

3.85S68
3.63850

41.43
38.74

41.73
39.09

42.21
39.65

42.73
40.25

44.01
41.77

40.90
40.90

250
250

0.750
0.666

0.1010
0.1010

13.18257
11.51925

5.49271
5.13392

53.16
-51.05

53.21
51.15

53.29
51.31

53.37
51.48

53.59
51.90

51.80
51.80

256
256

0.740
0.654

0.0990
0.0990

19.44167
16.89695

6.85412
6.38909

55.82
55.24

55.77
55.22

55.67
55.18

55.57
55.13

55.31
55.03

55.40
55.40

P. = 5.331 E  -l 16 Pj =  3.83985 E  +  09 m  = 1.1355 n =  .5687

E , = 154892.4 E , =  87872.56 R  = 8.31441

G R E T H L E IN  and  C O N V ER SE (1982). These p a ra m e te rs  w ere  tes ted  fo r aspen  and 
T ab le  3 B re p re se n ts  the  ca lcu la ted  d a ta  \v ith  new  p a ram e te rs .

T his tim e th e  p red ic ted  yields a re  shovving som e d efic its  fo r a lm o st ali runs. 
To explain  th e  u n su itab ility  of th e  new  k in e tic  d a ta  fo r  aspen  \ve could consider 
f i r s t  th e  higheı* am o u n t of lign in  found  in N H  - p o p la r (23.7 %  vs. 21.8 o/o), wheı*eas 
th e  asp en  h as  m ore polyoses i.e. xy lan . F u rth e rm o re  G re th le in  and  C onverse 
describes th a t  a n o th e r  re a c to r  tubes w ith  less volüm e (106.3 and  72.56 m İ) w as 
used an d  th e  M oyno pum p, th e  p ressu re  le t  dow n o rifice  w ere  also rep laced  to 
fa c i l i ta te  to ru n  th e  s lu rrie s  w ith  h igh  solid eon cen tra tio n . P ro b ab ly  these  ali 
fa c to rs  re su lted  in  ob ta in in g  ra th e r  d iffe ren t, som evvhat s u b s tra te  b u t m ore re a c to r 
specific  p a ra m e te rs .

On tlıe  o th e r h an d  th e  k in e tic  d a ta  fo r  a lp h a  eellulose (so lka  floc) can  also 
be app lied  on aspen  wood w ith  enough accu racy . T hus th e  T able 3 A  g lves evidence 
th a t  th e  reac tio n s  ta k in g  p lace du rin g  the  decom position  of eellulose and  glucose 
can  be expressed  by m eans of 1. o rd er hom ogeneous reac tions .
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Table 3B. Predicted and observed g luco se  yields.

G Ü N EŞ U Ç A R

Tem p
(C)

A. con
(% )

T im e
(m in)

K.
(1 /m in )

K,
(1 /m in ) 0.00

Y İ E L D S  (% ) 
PR E D İC T E D  (G„ v a lu e s) 

1.15 3.00 5.00 10.00 OBS.

220
220

0.308
0.275

0.0990
0.0990

0.49502
0.44261

0.96888
0.90840

4.56
4.10

5.55
5.10

7.15
6.72

8.87
8.46

13.19
12.83

7.80
7.80

230
230

0.314
0.275

0.0977
0.0977

1.02964
0.90326

1.49971
1.39076

8.89
7.89

9.78
8.80

11.22
10.27

12.77
11.86

16.64
15.83

12.00
12.00

240
240

0.318
0.273

0.0945
0.0945

2.06932
1.77991

2.27458
2.08553

15.93
14.01

16.67
14.79

17.87
16.06

19.16
17.42

22.40
20.82

18.30
18.30

250
250

0.315
0.267

0.0922
0.0922

3.96363
3.36665

3.35374
3.05279

26.08
23.09

26.63
23.69

27.50
24.66

28.45
25.71

30.82
28.33

27.30
27.30

230
230

0.780
0.705

0.1035
0.1035

2.52857
2.28834

2.51616
2.37558

20.16
18.61

20.81
19.29

21.86
20.39

23.00
21.59

25.85
24.57

22.80
22.80

241
241

0.750
0.677

0.1017
0.1017

5.16306
4.66652

3.85668
3.63850

33.22
31.12

33.61
31.56

34.25
32.26

34.93
33.02

36.65
34.92

40.90
40.90

250
250

0.750
0.666

0.1010
0.1010

9.33476
8.30166

5.49271
5.13392

44.87
42.72

45.01
42.92

45.25
43.23

45.50
43.56

46.12
44.41

51.80
51.80

256
256

0.740
0.654

0.0990
0.0990

13.51920
11.96666

6.85412
6.38909

49.71
48.36

49.72
48.42

49.74
48.51

49.76
48.60

49.81
48.84

55.40
55.40

P , =  6.12221 E  +  15 P , =  3.83985 E  +  09 m  =  0.987416 n  =  .5687

E, -  147165.2 E , =  87872.56 R  =  8.31441

A fte r  coincidence of observed and  p red ic ted  d a ta  in T able 3 A a n o th e r  a tte m p t 
•vvas m ade to in v es tig a te  th e  m ax im um  glucose yields and  th e  req u ired  reac tion  
tim es u n d e r d if fe re n t conditions. S ince u nder these  c ircu m stan ces G„ fra c tio n  of 
cellulose w ould  n o t im p ac t on the  yields and  to  ease th e  calcu lations, i t  w as no t 
ta k e n  in to  consideration . T hus th e  follovving eq ua tions a re  used :

k: - •

_ / U k , ^  k , - k ,
[ k , ) ' İn k , -  İn k,

T able  4 shovvs m ax im um  glucose yields and  re la te d  tim es e s tim a ted  fo r assum ed 
ac id  concen tra tio n s fro m  0.25 up  to 2 o/o a t  v a rio u s  h ig h  te m p e ra tu re s  (180° - 300°C). 
F u rth e rm o re  th e  F ig ü re  4 w as p rep a red  fo r  in s tan ce  to  v isualize th e  eo rre la tion  
betvveen yield, tim e and  tem p e ra tu i’e respective ly .

T he h ig h es t y ield o b ta inab le  in  te rm s of k in e tic  p a ra m e te rs  is a ro u n d  80 °/o. 
B u t ach iev ing  th is  success indeed depends upon th a t  sev e ra l d ifficu lties had  to be 
overcom e. Som e such c o n s tra in ts  a re  being  d iseussed h ere  briefly  :



Table 4. Predieted maximum gluco se  y ie lds and times.

WOOD I-IYDROLYSIS 125

IID CON. 
(% )

TEM P.
(C)

R A T E  CONS. (K,) 
(1 /m in )

R A T E  CONS. (K ,) 
(1 /m in )

TM A X
(sec.)

GMAX
(% )

0.2500 180.0 0.01546 0.12978 1116.539 8.936
0.2500 200.0 0.08790 0.34780 317.522 15.873
0.2500 210.0 0.19857 0.55221 173.530 20.248
0.2500 220.0 0.43397 0.86048 96.295 25.133
0.2500 230.0 0.91942 1.31738 54.225 30.404
0.2500 240.0 1.89174 1.98371 30.970 35.918
0.2500 250.0 3.78642 2.94068 17.933 41.523
0.2500 260.0 7.38396 4.29541 10.525 47.074
0.2500 280.0 26.11865 8.79565 3.770 57.544
0.2500 300.0 84.59068 17.13203 1.420 66.661

0.5000 180.0 0.03398 0.19249 656.508 12.171
0.5000 200.0 0.19312 0.51586 182.660 20.795
0.5000 210.0 0.43624 0.81903 98.737 25.981
0.5000 220.0 0.95841 1.27624 54.201 31.572
0.5000 230.0 2.01992 1.95392 30.200 37.401
0.5000 240.0 4.15605 2.94221 17.073 43.291
0.5000 250.0 8.31855 4.36158 9.790 49.082
0.5000 260.0 16.22214 6.37088 5.693 54.638
0.5000 280.0 57.38121 " 13.04558 2.005 64.671
0.5000 300.0 185.84103 25.40998 0.744 72.968

0.7500 180.0 0.05384 0.24240 478.746 14.454
0.7500 200.0 0.30604 0.64964 131.438 24.096
0.7500 210.0 0.69133 1.03144 70.582 29.720
0.7500 220.0 1.51089 1.60723 38.497 35.657

"0.7500 230.0 3.20100 2.46066 21.317 41.718
0.7500 240.0 6.58617 3.70525 11.980 47.720
0.7500 250.0 13.18257 5.49271 6.831 53.508
0.7500 260.0 25.70753 8.02312 3.951 58.961
0.7500 280.0 90.93312 16.42883 1.378 68.570
0.7500 300.0 294.50580 31.99983 0.507 76.295

1.0000 180.0 0.07464 0.28549 381.743 16.261
1.0000 200.0 0.42428 0.76511 103.799 26.617
1.0000 210.0 0.95841 1.21478 55.477 32.524
1.0000 220.0 2.09460 1.89291 30.120 38.665
1.0000 230.0 4.43766 2.89804 16.605 44.841
1.0000 240.0 9.13064 4.36386 9.293 50.871
1.0000 250.0 18.27547 6.46904 5.278 56.607
1.0000 260.0 35.63927 9.44921 3.041 61.943
1.0000 280.0 126.06380 19.34904 1.054 71.190
1.0000 300.0 408.28381 37.68775 0.386 78.482
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1.2500 180.0 0.09617 0.32412 319.810 17.771
1.2500 200.0 0.54662 0.86863 86.300 28.668
1.2500 210.0 1.23479 1.37915 45.955 34.774
1.2500 220.0 2.69862 2.14903 24.861 41.047
1.2500 230.0 5.71736 3.29016 13.659 47.282
1.2500 240.0 11.76366 4.95431 7.620 53.303
1.2500 250.0 23.54560 7.34433 4.315 58.971
1.2500 260.0 45.91665 10.72774 2.479 64.194
1.2500 280.0 162.41716 21.96706 0.855 73.132
1.2500 300.0 526.02173 42.78712 0.312 80.078

1.5000 180.0 0.11829 0.35953 276.488 19.075
1.5000 200.0 0.67236 0.96354 74.144 30.402
1.5000 210.0 1.51881 1.52983 39.362 36.655
1.5000 220.0 3.31935 2.3S382 21.233 43.017
1.5000 230.0 7.03245 3.64962 11.634 49.281
1.5000 240.0 14.46950 5.49559 6.473 55.274
1.5000 250.0 28.96148 S.14673 3.656 60.870
1.5000 260.0 56.47823 11.89979 2.096 65.987
1.5000 280.0 199.77576 24.36704 0.720 74.656
1.5000 300.0 647)01532 47.46176 0.261 81.318

1.7500 180.0 0.14091 0.39247 244.313 20.228
1.7500 200.0 0.80097 1.05182 65.167 31.905
1.7500 210.0 1.80934 1.66999 34.508 38.272
1.7500 220.0 3.95431" 2.60223 18.569 44.694
1.7500 230.0 8.37769 3.98400 10.150 50.968
1.7500 240.0 17.23738 5.99910 5.635 56.926
1.7500 250.0 34.50155 8.89314 3.176 62.450
1.7500 260.0 67.28201 12.99006 1.818 67.468
1.7500 280.0 237.99097 26.59957 0.622 75.901
1.7500 300.0 770.78320 51.81025 0.225 82.320

2.0000 180.0 0.16399 0.42344 219.377 21.263
2.0000 200.0 0.93211 1.13480 58.245 33.234
2.0000 210.0 2.10557 1.80175 30.774 39.688
2.0000 220.0 4.60171 2.80754 16.524 46.153
2.0000 230.0 9.74930 4.29833 9.015 52.425
2.0000 240.0 20.05950 6.47242 4.995 58.342
2.0000 250.0 40.15018 9.59480 2.811 63.796
2.0000 260.0 78.29749 14.01496 1.606 68.723
2.0000 280.0 276.95508 28.69826 0.548 76.946
2.0000 300.0 896.97723 55.89802 0.198 83,155

=  5.331 E  +  16 

-  154892.4

Po =  3.83895 E +  09 

E 2 =  87872.56

m  =  1.1355 

R  -  8.31441

n =  .5687
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Şek il A.

A t h ig h  te m p e ra tu re s  p a rtic u la r ly  above 220°C 1 % su lfu ric  acid  itse lf causes 
considerab le  corrosions in the  re a c to r  th u s  m a k in g  n ecessa ry  to use special stee l 
a lloys fo r  re a c to r  building. H ow ever th e  re a c to r  sec tion  m ade from  b es t availab le  
alloys h as  its  d u ra b ility  and  should be rep laced  a f te r  a  c e rta in  tim e. T he re s tr ic -  
tions an d  p roblem s re la ted  to th e  s lu rry  pum ping  in to  th e  sy s tem  a t  h ig h  p ressu res  
an d  h ig h  tem p e ra tu re s  v /ere evalue ted  by G R E T H L E İN  and  CO N V ER SE (19S2). 
A ris in g  th e  te m p e ra tu re  g ives rises  to d ra s tic  in crease  of r a te  co n s ta n ts  vvhere k, 
(celi, decom position) İs m u ch .m o re  boosted th a n  k 2 (glu. decom position), th u s  resu l- 
tin g  in h ig h e r glucose yields. B u t th e  h igh  te m p e ra tu re  ac id  hydro lysis needs very
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sh o r t reac tio n  tim es indeed as can  be seen fro m  F igu i'e  4 and  T ab le  4 too. To 
a ssu re  iso th e rm a l conditions in th e  re a c to r  th e  ac id ified  s lu rry  m u s t be heated  
up and  cooied dovvn in  very  sh o r t tim es such  1 /10  of w hole reac tio n  tim e a t  least. 
B y m eans of s te a m  in jec tion  in th e  re a c to r  too sh o r t h e a tin g  tim es w ere  reached  
such  as  0.7 seconds fro m  20° to 240°C an d  0.4 sec. fo r  th e  c ritic a l reg ion  from  
160 - 240°C in th e  p lu g  flovv re a c to r  (G R E T H L E İN  e t  al. 1980). Othervvise th e  
p re ssu re  le t dow n orifice  enables p ra c tic a lly  in s tan ten eo u s  eooling of th e  s lu rrie s  
in th e  sam e sy s tem . B u t th e  T able 4 d ic ta te s  m uch  m ore  sh o r te r  re ac tio n  tim es fo r 
b e tte r  g lucose y ields över 75 % fo r in stance . P e rh a p s  i t  is the  m o s t serious problem  
a t  th is  tim e  to  build such  re a c to r  th a t  enab les v e ry  sh o r t tim e hyd ro ly sis a t  h igh 
te m p e ra tu re  in p ilo t scale . B y u s in g  th e  con tinuous p lu g  flovv re a c to r  a t  263°C th e  
h ig h e s t g lucose yields ob ta ined  vvere 65.1 % fo r  mbced hardvvood an d  66.6 % fo r 
p o p la r (G R E T H L E İN , CO N V ER SE, 1982).

4. C O N C LU SIO N S

T he k in e tic  m odel developed by S aem an  can  be successfu lly  used  to  s im u la te  
th e  d ilu te  su lfu ric  ac id  hydro lysis of a spen  vvood in th e  flovv re a c to r  a s  g a th e red  
fro m  th e  com parison  of th e  exp erim en ta l d a ta  w ith  th e  p red ic ted  values under 
th e  g iven  conditions. The coincidence vvas m uch  b e tte r  if  th e  ca lcu la ted  d a ta  w ere 
based  on th e  k in e tic  p a ra m e te rs  ob ta ined  fo r  th e  a lp h a  cellulose (so lka  floc) and 
a s  th e  acid  co n cen tra tio n s de te rm ined  by t i tr a t io n  vvere co rrec ted  considertng  the 
o rg an ic  acids fo rm ed  in th e  re a c to r . T he ava ilab le  g lucose a t  zero tim e  is a round  
3 - 5 % as ev a lu a ted  fro m  the  p red ic ted  and  observed  d a ta . A pp ly in g  th e  k in e tic  
p a ra m e te rs  fo r  po p la r itse lf  vvhich vvere d e te rm ined  la te r  on re su lted  in  lovver yield 
va lu es th a t  m ig h t be a ttr ib u te d  to th e  su b sequen t im pi’ovem en ts on' th e  flovv reac to r.

Aekııovvledgfnent

T he A u th o r is indebted  to  P ro f. G reth le in  fo r  o ffe rin g  his lab o ra to rie s  and  fo r 
his lıe lp fu l su g g estio n s to accom plish  th is  w ork .
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