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Abstract

In this study, rheological and viscoelastic behaviors including viscosity, Received: 18 October 2024
storage modulus (G'), loss modulus (G") and damping coefficient (tan J) of Accepted: 7 January 2025
phenol formaldehyde chemical resin for paper impregnation industries were Page Number: 101-118

studied based on different molar comparisons of phenol to formaldehyde
(formalin), specific synthesis temperatures, namely temperatures of 60, 80
and 100 °C, and synthesis time of 90 minutes in alkaline conditions.
Considering the importance of resin synthesis and considering its conditions
in the final quality of the product, in this study, the production conditions of
phenol formaldehyde resin were investigated based on industrial conditions
and possible incidents such as power outages in the production line and
operator errors during the resin manufacturing process. The results showed

that phenol formaldehyde resin has shear thickening behavior for all Keywords:
synthesized samples at temperatures above 80 degrees Celsius and at Phenol Formaldehyde
temperatures below 80 °C. The shear thinning of resins with very low Chemical Resin,
viscosity and shear thickening of resins with very high viscosity were Fluid Behavior,

achieved. Based on the results of this research, it was proven that phenol
formaldehyde resins synthesized at 80 °C were shear thickened but with
a viscosity of about 400 to 500 centipoise are the most suitable resins for
the paper impregnation industry. Industry

Rheology,
Paper  Impregnation

Please Cite this Article Using:

Kamrani, S., Naseri, A. M., Moyed Mohseni, M., Kakavand, M., Kamrani, M., Abainia, R., & Amini, M. (2025). The Removal
of Ciprofloxacin from Water Using the Schottky Junction between Bi Nanoparticles and CuO. Iranian Chemical
Engineering Journal, 24(141), 101-118, [In Persian].


https://doi.org/10.22034/ijche.2025.484196.1455

sy O8O

d DOI: 10.22034/ijche.2025.484196.1455 This journal is an open access journal licensed under an

Attribution-NonCommercial-NoDerivatives 4.0
International license(CC BY-NC-ND 4.0).

33135 (gl 00l 3w dudAloyd Jgi8 15y sL8y oy p
SEL o lwdiind]  comis asluo

(.Y";:mn’b‘ L 3o (Ghge gvdﬂu Mﬁ‘ uﬁe\k;ﬂjols S 900
9@‘,:\5 RO 71 f’*.xs‘,lSlS e:}a

Olnleinesd cosall Galoll OLS 813 (s ske mlio 6128 )

OInl ol «oladon g pole axly ¢ godlul ol51 oKl « pardy guwdigee o)l ulids IS g gmeisls =Y
Olnlelps oladon g pole axly ¢ godlal o3l olSisls ¢ conds gt 0aSLLSNS ¢ cond  gwidige [Loliwl =Y
Olnl 02938 <98 9ly g8 ply oslo oord 0l (b2 IS (ggzislo ¥
Olnl (938 on9s8 slaihie o 3,11 -0
Olnl eplioms cgalas 5B 8 lol cann ) Janmmo g (cordg (o w2l Gulid 5 -7
2002.SAEED@GMAIL.COM :,5K oLy

R
VEYVIVY bl o o, ol (S =9, 51,5) e YsSsg 5 (Fledaily,) (SKjalsi, (slo,lis) Gii ol 50
VESYN DA iy Gl Ss (2l oy AN 0) (s 8 5 (G) AT ko {G) 5 jlwo 3 pido 59,015

‘ . (lles®) dallo s @ J5i5 Cilisto  Jyo (sloces poluly delS gjluaiic] golio dodllo,s
MABA Y robdo ol Te S22 o] o 5 pogpandes D3 Vo0 g Ao o Fo (glolod piny 1 0ls it (glilos o
2 Ol Bl G0 5 Gy i ool gl dddelle LS Lmo Lyl o dids
9t Ll ol deoiloi Jy18 0y ST Ll T sl 3 o fpe ol e
Oy Sl Ao 8 0 (g)aill sloll g ads bt o Gy 1S diile - 5 Kao (slouoliy
o jlguads Av slod o oudpinw sloaisai plot sly Leadlloyd Joid Gnjy 45 Dol gl A per 0
il Doy A 5lolos 35 5 oy oAl 155 1Yo 55 1 5 gl iy
5 Ol sl 0T b () (i OGS ol ] (pp 3G LB, sl
Jbw L3, S bl g ] gl ol 45709 Yo jlew 9,015 b iy i OB
L Lol (i G Belé 02l pugeads djo A (sloo 0 oudjiis endlls S Joi8 (slo

woalle 9 o8 oleords (5,

8595, o _
i L;)wa/é.;u ) Oy orenlio djlog il & e+ 5// Feo gu> 59,005 ol
&l gilwaric] Caio Lol dElS

sal,.a )'lf 810 sy e slomn 3

allio s o]

Js_.‘_‘a B3] )l_A_Q) R (\\c.\c) S e s‘su.n‘ 9 aLb) ‘LﬂsﬂL’-" (oo ‘tS")ALS gcd}o m\;slflf (S0 e AJ}A ‘-\w)m‘ g‘_g)»ol.) Ve W) “sd)nlf
MANN OEDFF Gl oo odigo dg i SEI (g 5laid] o molio 5,5 (gl oo i dumalle b

(1€-8) a9 9 390 0 lasds — @)l gy Jlw = Olpal pouds w0 3o & il

O,)\Kar 5 S plS) &)LMD ))._uls 6').! b)-w).u.w M)Jlo)s d,..s U"JJ JLS) I
1«1-11A (\\r"\r')&9&@99Mb)@-f}@gwdh-u|y|www4a)&u


https://doi.org/10.22034/ijche.2025.484196.1455

"\—“A :.ua.oo— qlJLi.«m 9 u.;‘f\f

0000000000000 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

e L0 3 ))15 (5l 0 02 jias 3 Mo 43 Jgid (2 LB (ow s

s dibazals o jloolial o eole il 31 (6 yigr <5, Wilgi oo
599955 ol pobar ool s s L cnl 5l S5 ! 5L
1) oo U cos oVl JS8 Slais 5 ol e a5 el oo
e )3 4 (oleS n ySten 9 (P 1SS (pa s 2
3 90T el SV 53 (65,005 sy 30925 S39l9)
Cos a8 (1 ks ol 1) Jlow Conglia I (5 lne VL
Dy ol a2 e S 0,8 ol B G5 e 8
21y OVl g o Jlos! (T @ a5 pla it hlieys (59,05
3 By SVl a3 o)l B (oS o g (g A 90
e Olpnsd s 35S o)l 8 Al Ll i b pladaie
A s omby LG sles L alyd o el (e 9 o0
Sy olilimws Ly Sl ol ploed a5 0 51 3 (e
2359555 Sla0i9o3] ) sl rogsy olSiss b 09 o
bl 055 (soplml LS 5 5l g 5 00 28 (glaals o
Ssile wpaalle 358 (05, Sla S mlo )US 0 Slides s
Dy G, s Shg s, 0F JIAY d5a vul> slae wo)o
9,015 45 Sl o905 p ol Coenl 5l 69,05 wile
ilmani] Caio ;0 aadlle B Jgib ) (1 mlie
Jloel s e S35 Gl Sl ol B0 0 (TF 090>
=3 sl lo (b I¥ecul dels LI o o) Somwlio
@ lizee gleolFas 5l ced 3y 85— ol Dladlas
SIS sla Sy 95— linizd Lol woalats pdy sl
Js2 02 S39l) sl SRy » S5 Jelse 5 amalloy o5 Jee
9 E250 ol daxgil —aumalle 3 J5d (3, slp Cario o
9 Swloatiplnl poais jsbay ST - pdlol e CBlge ol
dmaille 3 s () sba Sy ple 9,0 Sl cnl it
Lo S5 (V2 ) )Kam 5 95kgaidls Cuslosgy (g 5luariél]
T3 gLy, Ay sntianiil 35 Saliys - Silse
iy Fe (VoY) ol San 5 (gl [Flaso S (o)
Lolassls s il slgo b 1 g 5loanicl suaalls 3 Jgid
loiysieal slod ¢ Jso S STV NF) o (Sop 5 Vsl
L2l aslo3 8 (s 1 e Jamme 59, 1) s3loansc] wmalls 3

S5 5 55y osldee (mmpp o (VoY) () Sem 5 (g
(VoY) e o o) [V awsls sl aumalle 3 Joid a5

doddo .
5 Sagn ym SNgame (59, 099331 Gl slml Wlse 059 50
4S5 05,0 A 00938 5l @ Bly s s ourligy mlio Ll
gy odidS g coodls gladawly La¥IS 4y udgi oyl )8 o
b adgio ol 5| 5 3£ mlivo 5 (s3lobe polie Y gaze
039581 ()l sloml L a5 (6 Jske mlio DY game 5S4 o
$3elS S mlio wod oo Jyarme aluj g CodsS L o
S ygmotny 5 ilmarniiel b3 0 G0 e Gla Sy, el
L s (malle 528 (5, Ly ldd (gslman 2]) (slal>acSy
5 008l Loy b silmmti 28] (o gl poir
Lo Jo8 oy Lo (20 by cm 9 3o nedle
S &j5odn 5 adsi ol sla gl Lol e apmalle 3 )52
Ootiied 5 oy Slles plasl sl jehinss )5 s>
Lo 09t geoslistal ) i) b Wonys8 (VU (355, )50
aile s 3lglw olgo &by oud guiige slably pled p)lezran
L (apllo s MDF) basgie S b pud &35 amsyzos 5 &5
Logl oS5 5 sl b J5id oy 5l oot ol s gl
L o8 oy o3l lomciad Ly Ly g 05 cooolicul
Loy eodS jsba NNerdloasoniligy aaalle 3 s
L5 (Jss) @be ygots L bl 5 5L o aaalle b Jgid
T P R S
L 95 05 o g olo3 o5 conl ceale 5 slo oy (n i
(S Lo in S (r)) cnl (orizps S oedil)] 355
s Jle Saglie o )l oIk e (P cdlid aiile
Seaalle 353 055 Jelse oal oS Cosl (lond 5 (S5 Ll
slco jo culosls Gow S smio loo )5 ooy |
5 a=bgeodliinl Doz e Gloreds latls o jerdy ol s 3ok
5 S5l LS5 o E slacanal 5 [V sds 1o (551
2 Oy ol Bilas a5l S 0l )8 e ilsy
So sbasS Ry (IS ssban il Jlogl 5 32 conel St
GLr S5 5 st byl b ok Ayl conlin dieY 3215
dopalle B Jgid oy a5l daz il ol sumalle 8 J5is o5,
Ol 5355, L Jlew )8y (alolid 5 ol (olooed <YL g5

1. HPL (High Pressure Laminates)
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Figure 1. The process of connecting formaldehyde to phenol.
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Figure 2. Network expansion structure of phenolic resin.
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Table 1. Chemicals used in resin synthesis.

. density molar mass

chemical . )

Physical state 1
E (g.mol ™)

(g.cm®)

formula

C¢HsO Colorless liquid 1.1 94.111
soluble in

CH,O water and 1.08 30.03
methanol

NaOH powder 2.13 39.99

percent purity

%) chemical substance Row

99.8 White phenol 1
37 Colorless formalin 2
99 White sodium hydroxide 3

(50 cal glos 9 (A g S Jasl i Y Jgua

Table 2. The conditions of molar ratio and resin manufacturing temperature.

Molar ratio

Synthesis temperature

(P:F) o)
1:1.2 60
1:12 80
1:1.2 100
1:1.3 60
1:1.3 80
1:1.3 100

-0

Synthesis time Period
(min) (min) sample
90 15 PF 1
90 15 PF 1
90 15 PF 1
90 15 PF2
90 15 PF2
90 15 PF2
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Figure 3. Viscosity diagrams of PF resins in a molar ratio of 1.2.
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Figure 4. Viscosity diagrams of PF resins in a molar ratio of 1.3.
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Figure S. Diagram of the ratio of shear rate with shear stress at a molar ratio of 1.2 at 60 °C.
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Figure 6. Diagram of the ratio of shear rate with shear stress at a molar ratio of 1.3 at a temperature of 60 °C.
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Figure 7. Diagram of the ratio of shear rate with shear stress at a molar ratio of 1.2 at a temperature of 80 °C.
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Figure 8. Diagram of the ratio of shear rate with shear stress at a molar ratio of 1.3 at a temperature of 80 °C.
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Figure 9. The graph of the ratio of shear rate with shear stress in a molar ratio of 1.2 at a temperature of 100 °C.
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Figure 10. The graph of the ratio of shear rate with shear stress at a molar ratio of 1.3 at a temperature of 100 °C.
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Table 3. Conditions of molar ratio and temperature of resin manufacturing.

Molar ratio

Resin name Synthesis Viscosity(cp) Synthesis appearance
(P: F) Temperature(°C) yiep Time (min) PP
PF1 1:1.2 60 320 90 Runny
PF1 s 1:12 80 400 15 Slightly Viscoussk
PF1 % 1:12 80 600 30 Viscoss#
PF1 1:1.2 100 1000 15 Highly Viscos
PF1 1:1.2 100 3000 30 Solid
PF2 1:1.3 60 345 90 Runny
PF2: 1:1.3 80 450 15 Slightly Viscos s
PF2s 1:13 80 670 30 Viscoss
PF2 1:1.3 100 1200 15 Highly Viscos
PF2 1:1.3 100 3000 30 Solid
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Figure 11. The diagram of phenol formaldehyde resin loss and storage at 60 °C.
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Figure 12. The graph of phenol formaldehyde resin loss and storage at 80 °C.
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Figure 13. The graph of loss and storage of phenol formaldehyde resin at 100 °C.
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Figure 14. Tan  diagram of melamine formaldehyde resin at 60 °C.
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Figure 15. Tan § diagram of melamine formaldehyde resin at 80 °C.
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Figure 16. Tan 3 diagram of melamine formaldehyde resin at 100 °C.
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