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O06ZET

Bu galigmada, yurdumuzun Seliiloz ve Kagit Fabri-
kalari ile Demir-Celik Igletmelerinin Kok Fabrikalari gibi iki
bﬁyﬁk}sanayi branglnlnkyan irlinlerini degerlendirmek amaci
gﬁdﬁlmﬁStﬁr.‘Bu amagla, SEKA Dalaman ve Caycuma Seliiloz ve Ka-
g1t Fabrikalari yan iiriinii olan Tall-Yagi ile Karabiik ve Eregli
Demir-Celik Isletmeleri Kok Fabrikalari yan iiriinii Karbol Yagi-
nin bir fraksiyonu olan Inden-Kumaron'un reaksiyonundan olugan ve
organik yiizey kaplayici alaninda kullanilabilecek yeni bir {riin

elde edilmigtir ve teknolojik Ozellikleri incelemnmigtir.

11k &nce, kapit fabrikalarimizdan Caycuma Igletme-
sinden'ham tall yagf‘ve Dalaman Igletmesinden ise‘gﬁlfat sabunu "' -
halinde temin edilmig olan bu ilkel maddelerin komple analizi,
gaz kromatografisi vasitasiyla yag ve recine asitleri igerikle-
rinin bilegimleri tespit edilmigtir. Daha sonra, bu ilkel mad-
~ delerin rafinasyonu ile Dalaman ve gaycuma"rafihe tall yaglar1"

ayr1l ayri preparatif olarak elde edilmigtir.

Yine, Karabiik Demir-Celik Isletmeleri Kok Fabrika-
lar1 Katran Tesislerinden getirtilmig olan karbol yagi fraksi-
yonundan dnce naftalin, fenoller ve piridin bazlarinin gideril-

mesi yapllarak elde edilen ndtr yag fraksiyonﬂndan, en yiiksek -
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teknik safliktaki inden—kuﬁaronu cekmek igin bir seri distilas-
yon deneyleri yiiriitiilmigtlir. Sonug olarak, ndtr yagin 15 mm Hg
basincinda 37-79 °C lar aras1 kaynayan kism cekilmigtir ve

yaklagik %80'i polimerlesebilen madde olan bu fraksiyon bu ca-

11§mada"teknik inden—kumaron olarak kullanilmigtir.

Daha sonra, Dalaman ve Caycuma tall yagi Srnekleri
ile inden-kumaron araélndaki kopblimérizasyon:reaksiyonuna tem-.
peratiir ve 1sitma siiresi etkisinin incelendigi deney serilerine
ait neticelerin topluca degerlendirilmesiyle, optimum reaksiyon
temperatiirii ve siiresi igin 51r351\ilek240 °C ve 16 saat degerle—
rinin en uygun olacagi tespit edilmigtir. Bdylece Dalaman ve
Caycuma tall yaglari ile inden-kumarondan, sirasi ile 73:27 ve
74:26 reaktan oranlarinda ve belirlenen optimum kogullarda lire-
tilen kopoiimerizatlarln etilenglikol, gliserol ve pentaeritri-
tol esterleri ile pentaeritritol esterlerinin izosiyanatlari

laboratuar &lgiisiinde hazirlanmigtir.

Hazirlanan bu yeni ﬁrﬁnlerin’organik ylizey kapla-—
yicisi olarak film zelliklerini kargilagtirmak amaciyla, pis—
mig keten yagl,_pigmig kefen yaél:gin odun yagr (90:10) kari-
‘§1mi, keten yag1 ile modifiye uzun yagli alkid reginesi, keten
ve aygigegi yaglarinin inden-kumaron kopolimérizatlarl, Dalaman
ve Gaycuma rafine tall yaglarinin pentaeritritol esterleri ile ‘

pentaeritritol esterlerinin izosiyanatlari da hazirlanmigtir.

Galigmanin en sonunda ise, elde edilen tiim yeni

iirtinler ile yukarda agiklanan mukayese iiriinlerinin baglica
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film dzellikleri tespit edilerek birbirleri ile kargilagtai-

rilmigtir.

Dalaman ve Caycuma tall yaglari inden-kumaron
k0polimerizatiar1ndanAelde edilen iriinlerin film &zellikleri,
bu yeni iirlinlerin organik yiizey kaplayicisi olarak kullanila-

bilecegini gdstermigtir.

Tall yag1 ile inden-kumaronun milli sanayimizin
birer yan {irlinii oldugu diigliniiliirse, bu ¢aligma ile, s&zili edi-
len ilkel madde kaynaklarina yeni bir kullanim alani ortaya

konmugtur.
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SUMMARY

The aim of this study is to find out a more
efficient field of utilization concerning the two by-products
from two potential Turkish industry branches such as pulp and
paper-, and by-product coal cooking plants. For this purpose,
the tall oil samples from SEKA Dalaman and Caycuma Pulp and
Paper Mills and indene-coumarone from Karabik Iron—Steel and
Coal Coking Plants were obtained and new products were deve-
loped through copolymerization of tall oil samples with indene-
coumardue; Finally the film,properties of these end-products
thus obtained were investigated. The experimental results
showed that these new products could be used succesfully in

the field of organic surface coating.

At first, general chracteristics and composition
of crude tall oil samples were determined. Results thus obta-—
ined showed that Dalaman and Caycuma tall oils contain about
737 and 557% resin acids, about 20% and 307 fatty acids and
7% and 137 unsaponifiable matter, respectively. Tall oils of
turkish origine are comparatively richer in resin acids and
poorer in fatty acids than thé other tall oils ofiginating

from some other countries listed in Table 1.5 (p. 11).

The identification of the fatty and resin acids

of both tall oil samples were -carried out mainly by the
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aid of a Varian 2100 type gas chromatographic set. Quantita-
tive gas chromatographic evaluations of the fatty and resin
acids gontents are summarised in Tables 2.3 and 2.4 (p.27 and
28, respoctively). As seen from Table 2.5 (p.28), the fa£ty |
acid composition of Dalaman and Caycuma tall oils are respec-—
tively’as follows: 17,07% and 6,4% saturated; 56,3% and >46,9Z '
monounsaturated; 25% and 39,9Z diunsaturated énd 1,7Z and 7,ZZ
triunsaturated. These ‘fractions contain also 7,7% and 16,17

conjugated fatty acids, respectively.

In order to obtain a 1ightfc610red and odorless
refined tall oil, acid4refining process was directly applied :
for Gaycuma crude tall oil. On the. other band; the similar
raw mntofial, which was obtained ffom Dalaman Pulp and Paper
Plant as a sulphéte soap, has been refined first and after
subscducnt acidulation the final rafinate has been thus obta-

ined.

For the prepération of indene-coumarone of tech-
nical purity, a definite rmfinihg ﬁrocess also was applied to
the tar—oilyfraction (b.p. 150-230 °C) which was obtained frbm
Karabilik coal-tar distillation stills. The tar-oil distillate
showing a boiling range of 150-230 °C, Was'waéhed first with

~caustic soda to remove the tar acids (phenols) and then‘with
dilute sulphuricacid to remove tar bases such as pyridine etc.
‘This fraction was purified in a further’stagé by cooling and
crYstallisation in order to remove the dissolved naphthaléne

and the refined oil named as "neutral oil" was thus obtained.



‘ In order to prepare indene-coumarone of techni-

cal purity in a high yield, several distillation treatments

on this neutral oil were carried out at 15 mm Hg and atmdsphe?
ric pressure under different conditions. As a result of these
ckperiments, optimal distillation pressure and temperature
range were found to be 15 mm Hg and 37-79 ©C. This fraction

of technically pure neutral oil quality consisted of approxi-
mately 807 polymerizable monomers of indene-coumarone and was

used in all experiments of this investigation.

Kaufmann and Briinning (85) have already shown
that a copolymerization reaction takes place at 280 °C between
indene and some vegetable oils such as linseed, cottonseed
and soybean oils. They have also proven that first an isome-
rization of the triglycerides' double bonds occurred at high
temperaturé then an addition proceedcd between indene and
these conjugated double bonds in accordance with the Diels-

Alder reaction scheme.

In this investigation it is shown that, the co-
polymerization reaction between tall o0il and indene—coumarone
could begin readily at a lower temperatures than 280 °C. This
can be just explained with the in some degree conjugated natu-
re of tall oil. Taking in consideration this fact, experiments
on the copolymeriiétion<af the above cited materials were con-
ducted at large intervals of temperatures and heating periods.
According to the experimental results, 240 °C and 16 hours
were determined as an optimal temperature and heating time.

In view of investigating the effect of the components ‘ratio
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(tall oil to indene-coumarone) on the composition of the
resuiting copolymerisate, another set of experiments were
conducted at these optimal conditions. Consequently the
appropriate ratio of tall oil to indene-coumarone was found
to be 73:27 for Dalaman and 74:26 for Caycuma samples res-—

pectively. >

‘ Indene-coumarone copolymerisates of both tall
0il samples preparatively obtained by applying the optimal
conditions and the ratio of compenents mentioned above; and
esters of these copolymerisates with ethyleneglycol, glyce-
rol and pentaerythritol were subsequently prepared. Finally,
in order to obtain the corresponding urethanes these penta-
erythritol esters were also reacted with TDI (toluen diiso-

cyanate consisting of 80% of 2,4—, and 20% of 2,6- isomers).

In order to coﬁpare the final polymers mention-
ed above with some standard formulation of organic surface
coa;ings, the foIlowing tall o0il and vegetable o0il based ve-
hicles have been prepéred: boiled linseed oil, boiled linseed:
tung oil (90:10) mixture, linseed 0il modified long oil alkyd
resin, the indene-coumarone copolymerisates of both linseed
and sunflower oils, the pentaerythritol esters of both tall

oil samples and their corresponding urethanes.

At the last stage of this study, film proper-

ties of all the final samples were investigated.
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Evaluation of data concerning the film proper-
ties indicated that all the coﬁolymerisate based products
showed superior alkali-, and water resistance and excellent -
water absorbency in comparison with the o0il based products.
But their adhesion and bending properties were to a minor

~extent not as good as the oil based products.

Some further attempts were made for preventing
the bending brittleness of these new products and a great
improvement in the adhesion and bending ability of the final
product was experimentally Pbserved when the indene-couﬁarone

content of the copolymerisate was increased.

As a conclusion, the film properties of copoly-
merisate based products showed that these could be used suc-

cesfully in the field of organic surface coating.

There is a steadly increasing need for such
low-cost and durable organic surface coating based on indus-
trial by-products, particularly in Turkey, and it is believed
that surface coatings formulated with indene-coumarope‘copoly—
merisates of tall oii will satisfactorily fill this need to
some extent. This investigation and tests on these new pro-

ducts mdy much contribute toward justifying this thesis.



1, TEORIK BOLUM

1,1 GIRIS

Bu galigmada, yurdumuzun Seliiloz ve Kapit Fabri-
kalar:i ile Dem1r~CL11k Igletmelerinin Kok:Fabrikalari gibi
iki Onemli sanayi branginin yan {irlinlerini degerlendirmek
amaci gidilmigtir, Bu amagla, SEKA Dalaman ve Caycuma Seliiloz
ve Kagit Fabrikalari yan {iriinii olan Tall Yag1 ile Karabiik ve
Eregli Demir-Celik Igletmeleri Kok Fabrikalari yan iiriind
Karbol Yaginin bir fraksiyonu olan Inden-Kumaron'un reaksi-
yonundan olusan organik kaplayicilar alaninda kullanilabile-
cek yeni bir iirlin modeli elde edilmigtir ve teknolojik &zel-
likleri incelenmigtir,

Tall yagi ile inden-kumaronun memleketimiz sana-
yiinin degerli birer yan {rlinii oldugu diigiiniiliirse, bu hammad-
de kaynaklarina yeni kullanim alanlari bulmak amaciyla yapi—
lacak bir galigmanin Gnemi kendlllblnden ortaya g¢ikar.

1.2- TALL YAGI, ELDESI, BILESIMI VE OZELLIKLERI
TAKKINDA KISA BILGL

1.2.1-TALL YAGININ YAG VE RECINE ASITLERT
KA&NAéI OLARAK ONEMI

- 20, yiizy1l baslarinda siilfat prosesi ile seliiloz
ve kagit hamuru iliretiminin biitiin diinyada hizla geligmesi ve
ayni zamanda bitkisel yaglara olan ihtiyacin artmasi siilfat
prosesinin yan irtinii olan tall yaginin (tall oil) deferlendi-
rilmesi lizerine yapilan ga11§malar1n hizlanmasina neden ol-
mustur. Bu yan iixlin 1940 yi1lina kadar gereken ilgiyi pratik
olarak gdrmemigtir, fakat II. Diinya savasi esnasinda ciddi
bir bitkisel yag bunaliminin ortaya ¢ikmasiyla tall yag1i ara-
nilan bir sanayi hammaddesi hallne gelmlqtlr

Tall yagi, yag ve recgine asitleri ile sabunlag-
mayan bazi maddelerden ibaret bir bilesime sahip olmasi
- sebebiyle ok daha pahali olan bitkisel yaglarin yerine bir-
¢ok uygulama. alanlarinda kullanilabilmektedir (1).



- Sekil 1.1 de, soya fasulyesi, pamuk gekirdegi ve
_keten tohumu yaglari ile mukayeseli olarak tall yagi iiretimi-
nin ABD'de hizla artigil senelere bagl: olarak gosterilmigtir.
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SEKIL 1.1 ABD'de tall yagi liretiminin senelere
bagli olarak artigi (2)

1974 yilinda biitiin diinyada tall yagi {iretim miktara
takriben 1,4 milyon ton iken (4), 1975-1976 mahsul yilinda iire-

tilmig olan baz1i bitkisel yag gogltlerlnln miktarlari Cetvel 1.1
de aglkldnmlstlr.

CETVEL 1.1 Diinyada, 1975-1976 mahsul yi1li icin
baz1 bitkisel yag cesitlerinin iliretim
miktarlari (3)

[ Pamuk c¢ekirdegi yafi 2,8 mllyon ton
Soya fasulyesi yag1 10,2 .
Ayglgegl yagi ' 3,6 " "
Rapiska yag1 2,9 " "
Zeytin yag1 1,8 " "
Keten tohumu yagi 0,9 " "

: Aslinda tall yaginin bitkisel yaglar ile direkt mu-

- kayesesi hatalidir. Glinkii bu yaglar trigliserid yapisindadir ve
gok biiyiik bir kismi daha ziyade besin olarak degerlendirilmekte-
dir. Tall yagi1 ise ancak endiistriyel amaglarla kullanilabilecek
serbest yag asitleri ile recine asitleri karisimi olarak diisiiniil-
melidir,



Cetvel 1,2 de, ABD'de tall yagi yag asitleri ile
diger doymamis yag asitlerinin bazi senelere gore iliretim -
degerleri pdsterilmigtir (4),

- CETVEL 1,2 ABD'de doymamig yag asitleri {liretim
deferleri (x1000 ton) (4) _

voymam1§ yag aSltlerl 1965 1975 1976
Olelk asit ' ' 51,4 53,6 70,1
Hayvansal yag asltlerl(lyot degeri 36— 80) 18,8 51,4 61,6
Bltklsel yag asltlerl " " <115 ) 4,4 0,2 4,3

. : " "'116-130 ) .~ 7,3 8,8 7,9

" "o n o " " >130) 5,2 5,5 9’7

Tall yagi yag asitleri 135,3 133,0 169,6

Amerika Birlegik Devletlerinde 1976 ve 1977 y1l-
lar1 igin tall yagi yap asitlerinin, diger yag asitleriyle
fiyat mukayesesi Cetvel 1.3 de agiklanmistir (4). Tall yap1
iiretiminin zirai kogullara bagli olmamasi ve birim fiyatinin
oldukga diigiik olmasi, tall yaglnln onemini gittikge arttir-

maktadir,
CFTVFI 1,3 ABD'de bazi endiistriyel yag asitle-
v & Findupbirin Slyaclar Tidokar /gl
Yag aeltlerl ‘ 1976 1977
b e e e e - : e i e s e e e e e e
Pamuk geklrdegl yagi yag asitleri =~ 0,617 0,715
Keten tohumu yagi " " 1,08 1,06
Soya fasulyesi yagi " " s '
“distile 0,926 0,948
" " ,cift distile 0,728 0,970
Oleik asit, distile - 0,617 0,860
" ", ¢ift distile \ 0,705 0,948
Hint yagi yag asitleri 1,43-1,1 1,85

Misir yagi yad asitleri 0,661 0,882
all yagl yag asitleri, ;
" ,%2 ve daha fazla

recine asidi

icerikli ' 0,485 0,485
,%2 den az recine o _—
asidi igerikli ~ . 0,529 0,529

e e e o e e e e et e e e = e e L e e . B e . e o e 8 e e et S s i e ]

" n "




~ .Yalniz yag 331t1er1 alaninda degil ayni zamanda
potanslyelll bir regine asitleri kaynag: olmasi agisindan da

tall yagi onem kazanmaktadir. Kagit hamurunun tutkallanmasin-—
da (sizing), sentetik kauguk emiilgatdrii olarak, boya ve lak
sanayiinde sentetik reg¢ine yapiminda kullanilan regine asit-
leri gereksinimi &nceleri sadece kolofonyumla giderilmektey-
di. Fakat {iretim maliyetinin gittikge yiikselmesi, kolofonyum
iretimini diigiirmiigtiir, Kolofonyum yerine kk reginesinin
kullanimi da, ¢am afaci kdklerinin tesislere taginma iicretle-
rinin artisi nedeniyle azalmaktadir. Bugiin tall yagi recgine
asitleri en ekonomik kolofonyum kaynagi olarak miitalaa edil-
mektedir. Sekil 1.2 de, ABD'de cesitli kaynaklardan regine
gegitlerinin {iretim miktarlari mukayeseli olarak agiklanmig-
tir. Tall ya1 reginesi, ilk olarak 1949 da ortaya ¢ikmig
olmasina ragmen, 1967 senesinde ABD'de toplam reglne ireti-
mindeki payi %36'ya ‘ulagmigtir (5).

1200 T
1000 |

Toplam iiretim

800 {1) Kolofonyum

- (2) Kok reginesi
600
(3) Tall yaga
4007 ‘

200 | S

Uretim,milyon 1b.

0 4840 4930 4930 4340 4950 1360

SEKIL 1.2 ABD'de cesitli kaynaklardan regine
tiretimi (5)

1.2.2- SULFAT PROSESINE GORE SELULOZ URETIMINDE
TALL YAGI ELDESININ ANA HATLARI

Tall yagi, siilfat prosesi ile. ibre yaprakli agag-
lardan (gam tiirii) kraft seliilozu iiretimi esnasinda sodyum
sabunu halinde yan iiriin olarak ele gegmektedir.

Ibre yaprakli agaclardan siilfit prosesi ile selii-
loz {iretimi pratik olarak miimkiin degildir. Ciinkii bu ¢am tiirii



agaclarin yapisinda bulunan ve agagida yapisi agiklanan pino-
silvin bilegiginin fenol gruplari, lignin ile kondensasyona
‘girerek ligninin bisililfit ile reaksiyonunu engeller.

OH

D CH:CH—Q
OH

P1n0911v1n

1882 seneslnde ilk kez Dahl kendi ge11§t1rd1g1
kalevi ydntemle (kraft veya siilfat prosesi adi ile bilinen)
cam tiirii agaclardan yiilksek verimle ve daha iyi kalitede selii-
loz elde etmeyi basardiktan sonra, Lonneberg prosesten g¢ikan
kara ¢ozeltiden (black liquor) 1890 senesinde 'Tallolja"
diye adlandirdigi bu yan hrunu aylrmaya muvaffak olmugtur(6)
Isve¢ dilinde "tall" cam ve "olja" yag anlamina gelmektedir.
‘Kimyasal bilegimi &X-terpineol olan adi gam yagi (pine oil)
ile karigiklikliga sebebiyet vermemesi ig¢in bu yeni madde
"tall o0il" yani tall yagi olarak isimlendirilmigtir.

Bu yepyeni yan liriinli daha iyi ac¢iklamak igin
Sekil 1,3 de siilfat prosesiyle seliiloz iiretiminin akim diyag-
rami Szetlenerek gdsterilmistir. Bu proseste (7), &nce 12x
25%x3 mm boyutlarinda ufak parcaciklara bdliinmiig odun, pigir-
me kazanlarinda 180 ©°C da 8-10 Atili'lik basing altinda ve 3-8
saat silire ile asafida bilegimi verilen beyaz ¢dzelti (white
liquor), yani sud kostikli ¢8zelti ile pigirilir,

NaOH - 78-9
Ba s 72
%1
Nasos
NayCO3 71

Bu esnada, sicak ve kuvvetli kalevi gozeltl lig~
nin-selliloz baglarini kopartarak 11gn1n1n sodyum tuzlari
halinde alkali ¢&zeltiye gegmesini ve seliiloz liflerinin ser-
‘best kalmasini saglar. Ayni zamanda odunun yapisinda bulunan
ya§ ve regine asitleri de sodyum sabunlari haline gegerler.
Organik asit sabunlari, ¢dziinlir haldeki lignin, steroller ve
bircok diger pigirme prosesi liriinleri kara ¢dzelti (black
liquor) olarak adlandirilan kalevi gozeltide birikirken, ugu-
cu terpen bilegikleri ise "stilfat nefti'" olarak pigirme kaza-
n1 bagligindan gekilir, '

Daha sonra, seliiloz ve kara ¢bzelti difiizérlere
beslenir ve hurada seliiloz liflerinin tamamen kara gozeltl
den temizlenmesi saplanir.
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7

Ekonomik nedenlerle inorganik tuzlarin geri kaza-
nilmasi igin kara c¢dzelti, gok kademeli evaporatérlerde kon-
santre edildikten sonra geri kazanma ocagina verilerek burada
yakilir. Bdylece, tekrar beyaz gozeltlde kullanilacak. olan
aktif 1norganlk kimyasal maddeler geri kazanilir.

v Evaporatorlerde, kara ¢8zeltinin konsantre edil- .
mesi esnasinda, evaporasyon ilerledikge. organik sabunlarin.
¢Oziiniir 1igliniin azalmasi sonucu sabunlar yilizeyde kdpiik halin-
de toplanmaya baglar., Bu kdpiik sorununu ortadan kaldirmak
igin; kara g¢bzelti, kati madde konsantrasyonu Z25-28'e gel-
diginde (genellikle 2, evaporatdrden) agzi agik sabun ayirma
tanklarina alinir, Burada, kopiik halindeki sabun ylizeyden
toplanir. Sekil 1.4 de, siilfat sabununun ayrilmasi sematik
olarak gosterilmigtir (8), Sekil 1.5 de ise, sabun ayrim
yapilan tanklarin g¢aligma diizeni gdriilmektedir (9).

KARA |
IQUATRY!

Z8-12
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TANKT :
------ SABUN
SABUN
' KARA |
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' ' TRISI
§EKIL 1.4 Kara ¢bzeltiden SEKIL 1.5 Sabun ayirma tank-
siilfat sabununun : larinin calisma

ayrilmasi (8) : ‘ dﬁZeni (9






