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Kniouesnie ciosa: MOHOA/KUADEHONPOPMANLAETMAHBIE ONIMTOMEPDI, UMMAA30NMHBI, MOAVDUKALMA, PacTUTENbHbIE XUPHble
KUCAOTBI, MOAMAMWHDI, TEPMOTPaBUMETPUHECKMIA U AUdDEPEHLMANEHO-TEPMUUECKUIA aHaNMU3bI.

TpoBeseHbl TepMOrpaBUMETPHHECKINN 1 AMDPEPEHLIMANLHO-TEPMUUECKHIA aHANN3bI MOHOANKMA (C,-C,,) deHondopmans-
ABTWAHLIX ONUTOMEPOB, GYHKUMO p A , NONYYEHHbIX NPYU Pa3MYHOM MONILHOM COOTHOLLEHUU
nc DB U X HU3KC WX GpaKumi — A TP 12, Tp {TeTp CO CMECHHO XMUPHBIX KUC-
70T NANBMOBOTO MAaC/a. YCTaHOB/IEHO, YTO TEPMOCTabUNBHOCTL MOHOANKUA (G-C,,) perondopmansaeruaHbix onvromepos,
MOAUGULMPOBAHHBIX UMUAAZONMHAMM, BLILLE, YEM Y HEMOAUGUUMPOBAHHOMO oAMroMepa. MHorocTyneHyatas AecTpyKLUs
CHHTE3UPOBAHHbIX 330TCOACPXALIMX ONMIOMEPOB OGBACHAETCA UX CIOXHOW CTPYKTYPOW. B CTaTbe Takxke AaeTca MHGOpMaLus
© BOIMOXHbIX NPOLECCAX PACNAAA Ha OTAGNLHLIX CTAZUAX.

Study of thermal stability of monoalkyl (C,-C,,) phenol formaldehydes functionalized with imidazolines based on

fatty acids of palm oil and polyamines
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The article provides information about thermogravimetric and differential thermal analysis of monoalkyl (C,-C,,)
phenolforma functionalizedwithimidazolinesobtained atdifferent molarratios of polyethylenepolyamines
and their low-boiling fractions - diethylenetriamine, triethylenetetramine with a mixture of fatty acids of palm oil. It was
established that thermal stability of monoalky! (C,-C,,) FFO modified by imidazolins is higher than that of an unmodified

The multi-stage destruction of the synthesized nitrogen-containing oligomers is explained by their complex

m and the article also describes possible decay processes in individual stages.
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Azotlu iizvi birlosmoaloarlo funksionallagdiriimig
fenolformaldehid oliqomerlorinin {FFO) mineral
yaglarda korroziya inhibitoru kimi yiiksok istis-
mar gostoricilorind malik oldugu malumdur [1-3].
Bu siradan olan birlasmolar arasinda imidazolin-
larla modifikasiya olunmus monoalkil (C,-C,)
FFO-larin xiisusi ohomiyyati var [4, 5]. Modi-
fikasiya maqsadilo neft vo ya bitki mongali ali
karbon tursular qarisigr vo poliaminlor asasinda
imidazolinlordon istifado olunmus, miisbat nati-
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Sakil 1. Modifikasiya olunmamis AFFO-nun TQA oy-
rilori

color alinmusdir [6, 7). Lakin digar totbigi gosto-
ricilarlo yanasi bu birlosmoalarin istismar1 zamam
talob olunan va ya qizmadan yaranan yiiksok tem-
peratur saraitino davamliginin tadqiqi maraq do-
gurur. Bunu nazara alaraq palma yagindan alinan
yag tursulari qanigig va polietilenaminlar (PEPA),
eloco do onlarin agag molekul kiitlali fraksiya-
lari — trietilentetramin (TETA). dietilentriamin
(DETA) - osasinda imidazolin birlagmoleri ilo
funksionallagdinimis monoalkil (C,-C,,) FFO-la-
rin termik davamhginin 6yranilmasi moagsadilo
onlarin termoqravimetrik (TQA) va diferensial
termik analizi (DTA) hoyata kegirilmisdir.

Tadgqiqatlar (TQ/DTQ, TA/DTA) “Yupiter STA
449 F3” (NETZSCH sirkati, Almaniya) termoana-
lizatorunda inert (azot) miihitds, 25-600 °C dia-
pazonunda, temperaturun 10 K/daq. qalxma siirati
ilo apanlmis vo niimunoloarin termik xiisusiyyatlo-
rinin onlarin tarkibindan asililhig: tadqiq edilmigdir.
Naticalar modifikasiya olunmamis monoalkil (C,-
C,,) FFO-lann miivafiq goéstaricilori ilo miiqayisa
edilmigdir. Oligomerlarin TQA ayrilari gokillards
gostarilmisdir (sakil 1-4).
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Sakil 2. Palma mansali yag tursulan qangigi ils DETA-nin 1:1 mol nisbatinds alinan imidazolinin 1 mol
AF-a gora 0.1 mol miqdar: (a) va 0.2 mol miqdari (b) ils modifikasiya olunmus AFFO-nun TQA ayrilari
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DTA AV/mg) DDTA /(sV/mg/min)
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Sakil 3. Palma mansali yag tursulan qansify ila TETA-min 1:1 mol nisbatinda alinan imidazolinin 1 mel
AF-a gora 0.1 mol migdari (a) v 0.2 mol miqdan (b) ils modifikasiya olunmus AFFO-nun TQA ayrileri
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Sakil 4. Palma mangali yag tursulan qarisigi ila PEPA-min 1:1 mol nisbotinda (@) vo 2:1 mol nisbatinda (b)
alinan imidazolinin 1 mol AF-a giora 0.1 mol miqdari ils modifikasiya olunmus AFFO-nun TQA ayrilari

Cadval 1

Destruk-
sivanmn
baslanfic
tempera-
tury, °C

Monealkil (C,-C,,) FFO-larin
modifikasiyasinda istifada olunan
imidazolinlarin tarkibi (modifikasi
prosesinda imidazolinin 1 mol AF-a gdra
miqdan)

Destruk-
siyanin son
tempera-
tury, °C

Destruk-
sivamn
marhaly-
lari

Destruk-
sivamin
maksi-

mum
tempera-
tury, °C

istilik

dayigmasina
uygun parsial
saha, mkBc/mg

Monoalkil(C,-C, )FFO-larin modifikasiyasinda Qaliq kiitla, %
istifads olunan imidazolinlarin tarkibi
(modifikasiya prosesinda imidazelinin 1 mol AF-a Hempeiimn s
gora miqdarn) 100 200 300 400 500 600 700
mmamis monoalkil (G;-C,p) FFO-lan
289
6 | 34 | (64750)
43.61
8 | 47 | (e473°0)
14.5
41 24 (697°C)
17.1
425 25 (798°C)
35.5
59 375 (697.5°C)
9.9
29 15 (648°C)
Cadval 2

Istilik dayig-

masina uygun

imumi saha,
mkBc/mq

-1056 |
(32.5492.3)C

3265 10023 |
(489.1-647.5)°C | (73.4-6299)°C |
15845
(109.5-647.3)°C
2500
(502.1-673.7)°C
3586
(495.9-6763.1)C | |
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Niimunoalorin TQA ayrilorindon hesablanmig
gostoricilori cadval 1 vo 2-do ifads olunmusdur.
TQA oayrilorinin tohlili naticasinda malum
olmusdur ki, analiz edilon niimunalordo, xiisu-
san azot saxlayan monoalkil (C.-C,,) FFO-lar-
da 100 °C-ys qador kiitla itkisi miisahida olun-
mur, oksind niimunalarin gahiq kiitlasi 100 %-dan
yiiksok olub, forq 531 % intervalinda dayisir.
200 *C-da bu farq (4-26 %) bir gadar azalsa da.
qaliq kiitlo yena da asasan 100 %-dan yiiksok giy-
mot alir. Analizlor inert miihitdo aparildigindan
oksidlogma chtimali yoxdur va ckzo-effektlar mii-
sahida edilmir. Qeyd edilon kiitla artimim qatranin
temperaturun yiiksalmoasi ila sismasi, miihitdon
mosamoalora alava kiitlo birlasmoasi. cihazin tac-
riiba xatasi ila da alagalondirmak olar. Umumoan,
200 °C-ya gadar endo-effektlarla miisahida olunan
kiitlo itkisi geyds alinsa da, bu, daha gox kigik
molekullu birlagmalarin ayrilmasi il5 slagadar ola
bilar. 300 °C-da nazars ¢arpan kiitls itkisi miisa-
hids olunmur, qalq kiitlo 74-92.5 % intervalinda
dayisir vo modifikasiya olunmamis oliqgomerlarla
miiqayisada (82 %) yiiksok natica deyildir. Lakin
400 °C-da imidazolinlarlo funksionallagdirilmsg
monoalkil (C,-C,) FFO-larda aruq kifayat qador
kiitla itkisi geyda alinmisdir va bu birlasmalar mo-
difikasiya olunmamis niimunalardan tagriban iki
dafs yiiksok termik davamliliq géstaricisine ma-
likdir.
Palma yagindan alinan imidazolinlarls mo-
difikasiya olunmus monoalkil (C,-C,,) FFO-la-
rin modifikasiya olunmamis oliqgomer niimuna-
sindon farqli olaraq morhalalorla destruksiyaya
ugradigi askar edilmisdir. Sonuncunun bir mar-
halads asasan 337.9-403.7 °C intervalinda bas
veran destruksiyasina qargi asason ii¢ morhala-
do pargalanmasi miisahido olunmusdur. I marha-
lads qeyds alinan temperatur intervali yuxarida
geyd edilan niimunays birlogmis alava kiitlonin
aynlmasina uygundur, an yiiksok giymati 223.1-
254.2 °C arasinda miigsahids edilmakla 309 °C-
da bitir. ©vvalki cadvaldon gériindiiyt kimi, bu,
¢ox kigik kiitla itkisina uygun galir. Nozars car-
pan destruksiya baslangicinin an asagi giymoti
402 °C, an yiiksok giymati isa 423.6 °C-da qey-
do ahinmugdir. Destruksiyanin II moarhalosi 465.8—
497.3 °C intervalinda sona yetir. Il marhslada dest-
ruksiyanin maksimal bag verdiyi temperatur 386.2—
460.7 °C arasinda yerlasir. Palma yagindan alinan
yag tursulan ils PEPA-nin 1:1 mol nisbatinda sin-
tez olunan imidazolinls funksionallagdiriimig mo-

noalkil (C,-C,,) FFO-larda do bu marhals yoxdur.

(I morholonin bas verdiyi temperatur intervah
tagriban modifikasiya olunmamis monoalkil (C,-
C,,) FFO-larin pargalanma intervalina uygundur.
Lakin maksimal temperatur bir qadar yiiksak qiy-
motlar alir. Bu miigayisalor onlarin termik cohat-
don daha davaml oldugunu gostarir. Ehtimal olu-
nur ki, bu morhala (AFFO) zancirinin qinllmast ila
baghdir vo biitiin niimunalorda miayyan siiriig-
molorls qeyda alinir.

Destruksiyanin [T morhalasi daha yiiksok tem-
peratur intervalinda. 504.2-552.5 °C-da bagslanur,
608.8-656.9 “C intervalinda sona ¢atir, maksimal
noqta 554-592.1 °C arasinda giymotlor alir. Go-
runiir, geyd edilon temperatur intervallarinda po-
liamin zoncirinds pargalanmanin bas vermasi da
istisna olunmur. Qeyd etmak lazimdir ki, modifi-
kator kimi istifado olunan imidazolin birlosmasin-
dd poliamin zancirinin uzanmasi ila destruksiya
maksimumunun qiymati da artir.

Istilik sahasinin qiymotlarinin dayismosinda
kaskin ganunauygunluq qeyds alinmasa da, III
marhslays uygun temperatur intervalinda asason
arim miisahida olunur (niimuns 4—5—6). Bu
miiqayisalor ¢ox hallarda termik davamhigin yiik-
saldiyini gostorir.

Notico

1. Biitiin niimunoalorin termik destruksiyasi
asasan 300 °C-da baslanir, 500-600 °C-da nazara-
¢arpan hadds ¢atir, 600 °C-dan yiiksok tempera-
turda stabillagir.

2. imidazolintorl> modifikasiya olunmus mo-
noalkil (C,-C ,) FFO-larin termik davamhg mo-
difikasiya olunmamis oliqgomerla miiqayisada
yiiksakdir, 700 °C-da 37.5 % qalq kiitlasi olan
niimuna var, halbuki modifikasiya olunmamis nii-
muns artiq 600 °C-da 13.74 % qahq kiitloys ma-
likdir.

3. Kiitla itkisi pargalanmanin bas vermasini
tasdiq edan endo-effektlorlo miigayist olunur, bu
iso asasan 200-300 “C intervalinda bas verir.

4. Destruksiyznin ikinci moarhslasinin AFFO,
[I1 marholasinin isa poliamin zancirlarinin parga-
laninasi ilo miisayiat nlundugu ehtimal edilir.

5. Modifikasiya olunmus oliqgomerlarin miirak-
kab qurulusa malik olmasi onlarin goxmarhalali
destruksiyasini miiayyanloagdirir.

Alinan naticalarin tahlili imidazolinlarls funk-
sionallagdinlma zamani FFO-lann termik davam-
liq gostaricilarinin yiksolmasini tasdiq edir.

NEFT EMALI V@ NEFT KIMYASI

HE®TEMEPEPABOTKA M HE®TEXMMMA / OIL REFINING AND PETROLEUM CHEMISTRY

AZSRBAYCAN NEFT TOSORRUFATI _ m 41
A3epbaiidxarckoe Hegpmsaroe Xoasiicmeo / Azerbaijan Oil Industry



@
<
>
2
x
-
e
-
z
®
>
3
<
=
i
-
.
u
z

>
[
~
Q2
=
<
I
v
b
D
w
par
Q
<
~
w
a
<
O
2
Z
vl
3
=
[}
~
=<
AN
b
AN
&
=
8
w
R
X
$
—~
@]
Q
g
W
Q
v}
c
]
b
8
<
T

Odabiyyat sivas

Tazawesa PT., Duispaxsesnos HP. Epvesko BB.. Byxapos C B. Tlonywenne

= 2/ Beerink Kasanckoro rexsHoacrngeckoro ynnepcm-cra. 2015, Ne 18, ¢. 65-67.

. Dapsarues B.M., Knsuwsade A K Honute cepo-, asor- 1 6of P dy HbIE ¢
] I tw‘opuuu sacaam / Hedrexumns, 2017, 1. 57, Ne 4, ¢. 457-460.

‘ BM. Avupos O.A., Mwadxmc..{ KoHcopsaiuoKHs© ¥IWIROCTH Ha ocHose Macaa T-30 i HHrHOHTOPOB Koppo-

Becranx o, 2013, N 5, ¢. 28-29.

?Ul Abb M .-Irmr ? MN., Alieva L1, Rustamov R A., Alieva ShR. Obtammg of monoalkyl (C,-
tdebvde ol £ fixod Sy imideeolioes. and emidoanines. /- 66, B . sl Cosife
mﬁr technical lhmmdym 17-19 July, 2017 (THERMAM 2017),p. 19.

aesa H.P., Avup MH., M paes A M., Awesa JLH., Pyemanoe PA., Mamedsade ®.A., Aruesa IU.P,

Cares ODO, MoAHIUEPOBANEEIX MMHAZIONHHAMH HA IpHp & KHCIOT H // Thna-
2018, Ne 56, ¢. 19-21.

3 m)ﬂvﬂ. Abb M.N. Omirasl a, N.R. Abdull. a, L.I. Dliyeva, R.O. Riistomov, S.F. Ohmadbayova,

F.A. Mammadzada, AP. Oliyeva. Imdamhnlarb modifikasiya ol fenolformaldehid olig lori konservasiya
i kimi

lﬁﬂ.m HP, M.IUL Axmedbexoea C.®., Pyemamos PA., Awesa LIP, Houzsa I1.3. Monm-
(C-C,.) den POB HMMAASONIHAMI HA OCHOBE XHPHBIX KHCIIOT XJIONKOBOTO Mac-

: l-&mpq)-ﬁwnzm‘) Nz4 c. 22-26.

ayzrakimanoy IR . Brus ko VV, Bukhm S.¥. Poluchenie antikorrozionnykh sostavev na osnove fenol noy
i tsiklogeksilamina // Vestik Kazanskogo tekhnologich iversiteta, 2015, No 18, s. 65-67.
WWA.KIL Farzalivey VM., Kazimzade A.K. Novy: sero-, azot- i bar-soderzhashchi gofunktsional ‘nye alkilfenol-
yatnye prisadki k 1 Nefiekhimiya, 2017, t. 57, No 4, s. 457-460.
Abbasov VM., Amirov F 1. .\Ianwdkhmmm §.4. Konservatsionnye zhidkosti na osnove masla T-30 i ingibitorov korrozii // Mir
duktov. Vestnik neftyanykh kompaniy, 2013, No 5, 5. 28-29.

hyde oligomers functionalized by imidazolines and amid: ines // 6th R ker International Confe “Thermo-
\ operties for lachl‘ml thermodynamics™, 17-19 July, 20]"(THERMAM 2017),p. 19.
dullayeva N.R. Amirask MN., Mustafe AM, Aliveva L1, RA., Mamedzade F.A Aliyeva Sh_R

MAPSMFFOMWWMM irodnykh neftyanykh kislot i poli /f Plastichesk
5-6,5.19-21.

42120)00032(2020) V.M. Abbasov, M.N. AMN.R.Mhyle Aliyeva, R.A. Rustamov, SFAhmadbuyovn,
ShR. Aliyeva, EA. Mamedzade, A P. Aliyeva. / [midazolinlerle modifikasiya ol h fenolformaldehid oligomerleri konservasiya
mayesinin komponenti kimi.

9. Amiraslanava MN., Abdullaveva N R . Aliveva L1, Akhmedbekova S.F, R RA., Aliveva Sh.R., Isayeva PE. Modifikat-

siya nnmnh’! (C,-C ) fenolformal degidnykh oligomerov imidazolinami na osnove zhimykh kislot khiopkovogo masla // Neftekh-
rabotka, 2019, No 4, 5. 22-26.

AZQRBAYCAN NEFT TOSORRUF

Jidxarcroe Hedpmaroe Xoaslcmeo / Azerbaijan Oil industry

09'2023




