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Evalution of various parameters in synthesis of PNS system

A. Aslani*®, M. Khorasani?®*, S.R. Ghaffarian*, N. Bahrami-Adeh®

1. MSc, Department of Polymer Engineering & Color Technology, Amirkabir University, Tehran, Iran
2. Assistant Professor, Department of Polymer Engineering & Color Technology, Amirkabir University, Tehran, Iran
3. Color and polymer research center, Amirkabir University, Tehran, Iran
4. Professor, Department of Polymer Engineering & Color Technology, Amirkabir University, Tehran, Iran

5. Assistant Professor, Iranian Institute of Research and Development in Chemical Industries (IRDCI)-ACECR, Alborz, Iran

J— PNS is one of the chemical additives that used as a dipersing agents in various
applications.

Synthesis of this material was done in 2 stage: 1. Sulfonation of naphthalene 2. Polymerization
of beta naphthalene sulfonate. The influence of various parameters was studied on synthesis
stages of this substance. FTIR and H-NMR were used to identify the chemical structure of syn-
thesized product. Purity of beta naphthalene sulfonate was confirmed by melting point test. As-
sessment of molecular weight and evaluation of molecular weight was done by preparing GPC
photograph and the result was compared by a known comercial grade . The result showed that
the increase of formaldehyde and the use of the catalysis during the polymerization reaction
lead to increase of the molecular weight. On the other hand when the molar ratio of formalde-
hyde to naphthalene sulfonate was tripled, PNS didn’t dissolve in the aqueous media. existente
of sodium sulfate as impurities was evaluated by XRD. The use of a mixture of sodium and
calcium hydroxide as a neutralizing agents resulted in a partial refuction of sodium sulfate.

Poly-naphthalene sulfonate, beta naphthalene
Keywords : =
sulfonate, Sulfonation, Polymerization



http://www.SId.ir

e el 28Ty plosil (el B baalyd —Fasallo b 4y Sligilus
PH oulas 090 o bl Sl ¢ ySTy

o) i ol 403,55 olye 3 28T (il ol |
aSepla gl [Vo=A] 0,8 o Cuwd g o (lond (50439
Cygo lowd (50938] opl jiiw b byl > (g3g05e sla jimg s
ol e bl a8 Col ol pl Gl oyl pd i8S
D9 &) )5 ()3 3)90 (e Oygeo SISy

Ailen 5 Bllae Slgdlgw (U jriw Jolpe pislSee

Ogewlgtlaw (WS Ty punnilSo -1 -9
23l o (Silog)| (tuog 9 Sl (slo STy atuss 3l (ygiolisdlgus
SlSy 2 ol ol sl HSOp clamg)S ] o8
R0y miligilgu (3Sy (Lol (Shy d9d e Siileg)]
Bgilgw 09)5 (03l (oyied @il 45 me cpds sl o (299
Bl e Jolo s 1l (ygpsligtlgun (aiSTy Loyl b el 45 o
Oledily =Y 85 S (glajpegil £ -V Ggmbiglguwan ) =)
OiSly glod & iy )by pled Cuml STy cpl L iS]g
oS olKin 290 g0 Mg (puxe duo)d S 5 b iliSes (gla yog o]
295l 9 5d 0 Agilgw Lagle Sy y9algm Al Byao b i
28 oo JSB i by g W oo 1 sondd Sgilg giga
Jseasmo igilgus lliis Wl g plol 7+ °C o (iSTy o g
@90 V7470 VL slod 13 (gunligilges &' (B9 g Ml o I

SozNa*

Rs!

doddo -

s,y jl oReal gl bazxe 5 ok aisTyy sboxl jolate &
Ot Rleend sl (59331l 5ySdas 298 o olitul e gite
elacailas b g Seiliusg 7SI glods 133,91 ol L 4S ol 38
LV Joeas Calon O3 gas) g (pdanny oo 1 old
oS disuds (5 yosly sl )S 1Sy ) (slateod o lgdlguo Wit Ly
9y 2 Seigsl )l ol Gl 3l g Sty U a3l |
18] 45 o 6 sl> (Sanli (slalama 3 o] gazs )
Sy lawgh VAW o j0 Tl sailleyd clgdlgw pllias by
Soid ol g il oy b b gli3) s L)l BASF
I JSze o] il o ab jastie G093 ol (alesd
Sodends dhie oy galowgds &S cunl SJls cladain
ol oas 03,91 V IS5y 03le ol oloowd g0 8 dituas uaie
i Sy sl b, KitiSy ples las PNS o Slils
JStze ] Gl iz il o 2SOl G5y 5 g
i gladian 1] 52 8500 (15 5 Ssilsw (slaey S |
55 o5l eyl a5 3,5 e 2 I8 s Jelge A _oo oS5
IV 921 gl yoskhar 13 =V sl Sisilgun (sloog )3 (ljee =)
Ogelisilggige =) 1and so JiSuts (Lol dl o 531, PNS i
P Jelgs bgdl g Ui U cpgul o pordy =V L (800 5 (i
e slod ) laSle Ggmsliapeddy 9 Ggmelgdlgw dye
O gige (Jgacanns V(b 4 S yoilgus sl Jgo Cnmi =Y

Sog'Nat

[V] g s by b olumds 5L 39 S5

©
+ @S0H

|
{2
&

H,50, H,80,
—
60 "'C
160 "C

R— SO3H+ H20 — RH + HQSO‘;

S03H

i
ne®
SOH —— o
®

DY 5 W objosilsm 5 oliss (gmsbglow (3STy puslSe 2 JS0

il 8l guu (a8 ol Fiheu 4o Sl53s sLa Sl )l ouu ) 3

<5

&

==

952

2
1
3
]
o
1
3
N}
‘3
3
=
=
=

paay


http://www.SId.ir

olbiSas 5 Slda

s

&

=

95

2
1
3
)
.13;.
1
3
N)
B
Bl
=

144y

bl aigS ol dlghio (glodinn (WU STy cllad & angs
S5 Gemel ey Bojb jlogs (JsUse p > il 4 YL
bl 593061 lgisds Sypdlgumtpa Hpas > Wil o >
slods 3okl g g 485 JSS amalle ) Jlids glajay
Ao s el bl oo Jlail SoaSodr ilite 5 (Jlil 53l
eSlogs (sl STy o sl dlglato (gl i oo o
S5 Gyl sy gl Jyae Sl 5l i g 435 15
lpaiS o ol alie sl by o Sl Joazs wad

w2y
.3‘9.0—\—"
L Schlumberger .8 ,i jl sali dses lgin syl PNS
Sy §) bl i a5l s DB5 (b S
Soys8lgm Sl Abags %20 ogliasys b Lobal Chemi

o :au
k—ﬂ—R R— (—I{ + @

solateds Joomo jobody Al o otes Jpazte Uy pogil 05 oo
sl 203 Fo JIYD e cppmaislyms STy ey il
oadplol lallas 355 oo J8 Bpan 3y90 (ST S psilge
(ool Jgpame) ygobistls (iSTy )3 a8 S S5 Ol oS 00l i
logile § ol i plplsy el ol LinlS |y STy ey
2 Ooealisilow muslSle 298 o0 Cgune (ygligdlyn S2STy

DY 5] ool e Y JSca

Ol 32 youky (A5 g a0 -¥'-Y

il oo Al ye ¥ ol WaaSall b &ulag)l S 5 yaml 3 yeuly
0515 =Y oSl S 900 =)

oS iy el Slog) il L gl sy
Ly d-w‘ dh)a}Jw )9*2» » uwf ly o*‘ S e sk ‘;

lJII
( —R

B1-~dhr 001

Y] Slogyl dils b gl L2Sly osas IS sl ¥ JSWS

CHOH L HCHO -

PE"NOE

CHLOCH,OH

[T e [T =

. CHLOCH,0H

+ HO

CHy0H

Cl]zOIl, CJI.H’_H;O “CH o ©

V¥ sgmalle b 5 s spmuliopodh 5 eV slto STy S il 2 U3


http://www.SId.ir

Oyl g0y =Y -Y-¥
o - 03l yiul58l Lo g 55l 98Ty 0 1) digdlgm plias Ll
2 b Ll yo5dUlS plgicdy S SGysilgw spl ojladuis
Csmgash 3lan 2 lo Bl o5y TV (e b s1m o
b g 0 lads ad e y8 ¢ Jao Calisee (glacumd 1 5 s )
C= V- °C slod o (Sl psen cod celo ¥ dods digalguw
093803l g omsl i oy STy 8 iy polaiody b adLSNF
8l 4ol 0 g ¥ Y Jglis jd 00 (S5 o g Lod o STy ¢ pllo s
I 515 gz yosy (1S5 (ol Jsame (lyisar T e 5

Cilw s —Y-Y-Y

Sl Jyamo ¢ (iSly e ) il gl jeas ey
2t oS g)aun laldd b jolate rpy o (13wl o
STy Lasro ljl slaspusl (lagsjlo (55 b pundS 2S5 )00
9 b omlyild )bl Jgaste s 003)5 walals PH=A )
b S MalS VY- °C gl 5

PNS o lwlei -¥-¥
gl oads jiw PNS slews jlidle ololid jslated
by o DU Bomem ¢Sy el 4,98 Jaisl jo,3 yg0le
15,0l Bruker <8 ps célbo v MHZ (s ublie

5 oalaul
el 2lilids (Sl 5l ol Jssepsn syl pslaies:
oo ASTM D5296 »jlubisl @l Shimadzue sy
oo Jlaicas Sl L ;I 9 Water Ultra Hydrogel giwas
YO °C slod 3 (o)l B lgieds Ul 1l Joms odlazil 5 sl

Adedlazwl YmI/min & 5 b
5 a8 s> gy solaion (Sl anil (ST g0
W) S padlsS Jpaze )3 matw Mg j98> (jee 03090

WS g pdudmrdan )9 3B g oaiSWsdlom Jolo lgic 4 %A
Sy 3 W oo b f5SeslSens 5 deuS s hmmendS
buw <S8y 3l %008 Logls b aadleydlil i aps Merck

A5 aml 5y Ologes &8 b bawsgi (2 g D )l B

S el (g, -Y-¥
=0 5 Al LS o yimghs 0 (oolpinins sl Josdlysiws illas
¥ g ) e pe 93 3l Sy 3 PNS agg [IY

8)S 9o ygml i yosl

Ogwligdlaw—Y-Y-Y
raan (Sl ot 4 seore o oz 555 K, L
(0iSy bame 51 Ol Blo jglaions) ySopkd (ghls (&8l 5y
cog 5581y 3 s amepdlie upe 3 2l yiogeys g
e 9 OSx5Sl jslatods S 093 () (slo)S
ol Josa o2litol )35 glSas Mol 6 oSl s (9,55
Sl ume (6500l8e cdwwy (astiie (039050 4y Lod oS oK
JooS5 polatods s ALl (ks &y 0pkad ojlab Larle S)5dlge
Ol il aebl e oy e b Sy ¢ ygumbigtlow 23S
3 5383l o b (oplighlpnw (1Sly (ole Jpae clsica
Sslod (Jpaze (adlsd jlateds (upw Ab 2)l8 STy Laee
V& Cans Ol oo Vo lime g odb ials s TC B Iy STy
il 1y o alblyy 05 ablisl STy bao 4y yliis oo
ol ctivg 3 Sl o ol 5Ty slas s 03,5
°Cslod 5 ygl )3 V slp odd padBS Jaaste yuew S
ol 0dB03ygl ) Jgdo 53 (piiSly 585 byl 0 anbloaSS V- ¢
Slodiged Gorwbigdlyw (1Sly aliio (sl yially s b (ieon
0391 ¥ Jgdo ;o byl iy Lol b 45 050h anps gl g ciliiso

Cawlodss

Omlisilses (ESTy slizl ppolie g Lulyd 3Y Joa

Sk R 8 et
el \

AN, Syl S JAVTS
R -
i Ve

( Ciles (el)sle;

VE-VED Y

(ol posio lalod o NT_ 35 g yuiiie sloJgo NS | 13) yuiie (Jgo o g bod 3 oadeistlgw (sladiges 1Y Joo

e (ot o S0 pailaa ol ) Joe oS CONes (el les
\fzﬁ_'_.._.L.f

Nsy “IA VFHEN

Nsz N AESE S

Ns3 VTS veoky | ¥

NT, ) \AEE4!

NT: VYD Vo-EN

NT; VTS R

il 8l guu (a8 ol Fiheu 4o Sl53s sLa Sl )l ouu ) 3

<5

&

==

952

3
\
3
o
3
Y
2
%
<
>
<
o
=

ppar


http://www.SId.ir

olbiSas 5 Slda

Ol yosdy Al yo (1Sl Ll g elin) Y Joun

el (Jse) polis (COiles (Ssla)ole;
aigilgn i by 1 4810 Veony
WS il -I¥D
TV oplle b AT

o9l yoaly 28Ty byl 1€ Jgo

gl ey (zelo) ol ey Les

4 oaalle s 538 T

Crlids Sbgalan

FO-Y-

ol ol oy g (ype¥slize

Ope e pecly

(595461 ypui> ) Fcnsnwrs} 995368 98> 590 FNSN | 1) oddo s yeuly ciliseo (gladiges 10 Joua

fges 35 | 4 aaalle ) Jeedens S3pdls Oz | (melodls;
(wsilyms ool (J3)A AT S0 i) g
Fns; | LT [ |
Fns; | Vig [ [heaven Y
Fns; | v
Fensg | BT ' L)
Fenss | Vg ' L)
100
- 100 z .
5 . T, N Ns, Ns, b
3 NI e — 3
o 80 Lt 4 3 75 Ns;
’_f. l - -
2 T 60
3 9 , 50
52 D
3 3,
| 20 3, 25
L 2
0 o
130 140 150 160 170 0 0.5 1 1.5
Ls (oc) {JB"’);,‘”JL"“ a »S.:)}.sjg.w .k,:.w‘ é.l?.o S
iy alyo o]y Lo 536 IS Omligloms dlpo lodily 2 Jgo s 3620 JSud
}’
“43 60
.:j\"
-
4 50
__3> 40
5 A
i
.11 T 20 \\ A+
\ =
3 1840
S-0
q?, 20 \F.9
,J, S=0
.1% 10
3 S=0
N
'J) 0
:5' 3900 3400 2900 2400 1900 1400 900 400
f Wave number
E NS, 505 43,58 Jlisl 50,8 (yele cads Y JSUS
-



http://www.SId.ir

il 8l guu (a8 ol Fiheu 4o Sl53s sLa Sl )l ouu ) 3

ol Gty yulighgus Jgamo ol 035 58Ty (slan i
C ogdai gl Wadlaw Il W eddcd b Elee

Al o VYO/O
IA9100 Jio Electrothermal olSws b NS, diges g3 alads
oddali L &5 A3 jaside 5 C8S IE cwyp 350
Ooswbstlow (iiSly plsl Cowo 5l Sk &S g WY °C
e dged (g 4 NS, wged I > (pendy il 0
8,8 18 byl ayee IR-FT L jlidle ololis jelated
ail> oxim3LEISYR B NO-Yem? s Cls VS
Weo 0¥ £ oM asl > Ole e ol Silog,]
3 Lol gl 51203,5) S-0 5 S=0 (25 slasise &
cdilae Cgdahais o FT-IR ol .ol bgs po (Slog)| dils 4

PNS o lwbus -¥-¥
U (sladiun (59, SO; (olad (sloog)S 98 4 g5 |
CdMo 5| snidns (clodigas 45 3gpme Hlasl PNS Jils )
oo 2 85 J1E byl 2y o > 2Bl (sladiges
> sl cubls Fns, 4ige . FNS, g FNs, FNS, sladiges
senilod s 595 da diges 3 &S epl 4 i bl |
OSes 0392 (S g oo 5> igilgus (pJlids ige pl ¥ (B e
cogo dolie sraiua lo il slaSs sl STy Cowl
Opoxen A3k 048 PNS (JgSge oy Sy LB e (ialjd)
Gl e yedly (ol opad > (I sladias )l
FTIR Gab AJSS cuslond ol yasl 32,5 of capols

i3l )3 35290 (g polis (s S g paits T gesl
b o3litaol 38l Aiges b )] dunlio g odle  olowss

()

. . B0%aigilym i o 1y # &igilpms ki &y dotilla b e S
sBraa dzadlla il 059 0.96

. _ i Semalle il L+0.63
ol oy = ZEOD (¥

WWlodds (613545 bandiged ¢ g i (sladiges 35y ddxio &y d> g b
Slgilgn (plds ne NSN (Slagiges Y9z )3 59000
NTN sladiges g ol digalgm yuxie Jgo (s ;0 &5 Cul
il o calisee (slaled ) onidigtlgu (gl yllias (godimd L
ol lis cuiy 4 FCNs g FNS (gladiges & Jodo ;o
Lo 3 53l jganpis b g jein 5 Sligilppiliind
Wbl o (gl oy G259

Cou g b -Y

Ogewlistgmw dls yo 3 PNS o lwls —)-Y

bl (slod g Waorims STy (Jgecams (slayiol)ly 13l 4y Iz
5 ] 550 b 4530,y Sl Jpuamo oy 5 155
A5 Ol (gdm (layge5 (6l Aty g5 sdalanddy

w3 olits |y STy oS el geces 556 0 IS5
sl L] Jsacns 1 45 NS, digad ey o Lzl oS jsboon
sl 4 Cond VL plosily w00 0jt0 STy Lo
ilae 28Ty a8 o oy cadls pgusbisilges Al o 3 ladigod
ol o 315 (nga 5 tly (65 s Cpy bl S
293 ol S5l Jpmons J 55Vl

m3e s |y Gmligflss 1Sl lod 2 Lo b £ S
ol el Jays3 0 YU slales 1 63V el I NS, diges
Gl YU claled  aigilgn oWliss W oS cul b e
2 ol Plosl pae 4 25 b ol it Selusses

<5

Jl
W 1 . em-l . _ B} -

e ol arbsye WATEMT 5 WY €M7 46 2 S a9l o b ool Laee 13 iy (o 1y Pl o oo (R
80 - e
2

70 ‘ \
60 i & AN v .—3)
[\
2 50 - 1447 1347 "1

2 \
g 40 - Er"—f* T R e W TR A M M k.
5 \ ey WA AT VU -D65 b
E 3 \, ,,// x:fa' f ';n\ I \‘J” V 2 : -
E - \ [ u ——Fnsl %

S oAy 1440 1351 |

2 1\ N 3
| NV 9
10 2
X

0 - <
3900 3400 2900 2400 1900 1400 900 400 /:\

Wave number &

65D wiges b )] duslio 5 g (gt diges jo,8 gdle cib A S

o


http://www.SId.ir

olbiSas 5 Slda

09,5 99y 4 O=Y—0 PPM .cé)5 5wy 3,90 NMR
o] 4 Cusl by jo 3=Y=A PPM 33 Sy ol bgyyo it
2 il bgye ol Silog)] ails 1> 39250 (g0
Sy Gomoliyerly ST Glite (g & bgiye S <l
He g FTIR gulis Jlo e 5o il Cligilgus ol ool

I¥V] axsls Jols” Sinlen NMR

PNS !, GPC d?}i wyp-Y-Y
slcil Joflge p> g 9 Jegep s el jolaieds

4l 0 Syl dbgy o FNS, g DB5 gladiges (o 09,5
Owzmed 9 S=0 )lite  iuiS Cls WYA- cmt g 3¥a. em?
sldiges 513 S-0 )laie iiS Cla Vo FY 5 )T odgae
V-]l oLis D65 Fns,

o5 slosin Jlail & e o e oy jpde
Oed Ll Lj uwl).s)«ls 2 YD el o..\.wdu}dsw
3l 0 dgtlgw slaog,S jaas p Yy S-0 9 S=0 gy
b slis 1y PNS

H- Luwg FNs, o D65 wsei olewd jldle obaasuic

4.0E+0
£+07
E+07
256407
E+07
+07
0E+07
S.0E+05
I i
A~ WA L 0.0E+0
———————
B 17 16 13 12 10 B ] 5 4 k| 2 0 2
11 (ppm}
65D wyes H-NMR b 1 S80S
\ FNE+07
..1
95
“19 2.5E+07
.:j\"
o
° F2.06+07
\%
) F1.8E+07
1’
£
3
41) 1.0E+07
%
4
di
j | 5.0E+06
Y Ir“ |
3 ! b
5 4 W A\ |
- . . SR I L N - I B S | P
<
>
—
< . . ! ! ,
o 18 17 16 15 14 13 12 11 10 a8 6 5 4 E) 2 1 o =1 2
e 1 (ppm)
o
N

Fns, aises H-NMR (il 1y« S5



http://www.SId.ir

sldisges 30 omolipeds (iSly a5 Wb jasuie 9=V
Sl jaas &8ly 0 sl al oS Cé iy (65w
$950805 i & 4o Hlatl gnlgdlpn alsyeyd
DiSly Chpby 4 adee Ll &8 Wl Lusly > Wl
Sl 31151 e 05 33y @8l 5>l o (ygmsl el
5051 SUlg oS sadiage STy e ;3 39390 Sl
odd dglio SIS sladiun S 6959 yelated H gy

Do dalae Lol il L alie sl b JSices

il 8l guu (a8 ol Fiheu 4o Sl53s sLa Sl )l ouu ) 3

ladiges (6l GPC zmli \) JS5 o5 Joda Nikbanes GPC
Fns, ases & Joi> auli gillae and o i 1) 65D 4 (g
okt Ol 0 Gk amled (e Sl &Sl ey
Orized 9 I FNS) 4y o 65V (JoSUgop > G o0
sy ) S &Sail e Su35 s ) 4 biges ples PDI

Al s yorh by sy
S 4 (50b5S () Ble loj) yerdy S G s Al 5|
I VY Sl s (sl ) B a8k ploj) Jsge SasS

D65 5 (5w sasiges slp 2lsly J5 B1S5legsS geil s 11 Jgaa

Samples M, M PDI
Fns; Youv Y. \/e§
Fnsa YeFY AARA Vet
D65 YEAY YVEO V¥
Fensy VRO Yoah \[-F
Fenss AR TooY VeF
Fns, ]"IlS]
10000 15000
8000 =
— 10000
6000 | A
(| = \
5 4000 | = |
. 5000 (-
| F |
| 7 |
| c
5 . 5 Al
I S = 0 — AT AN
l 5 10 15 20 5 30 = — ~— ) S
-2000 et 0 5 10 = 20
-4000 -5000
Retention time{min) 5
Retention time{min)
(— (all
Fens, Fcns,
25000
25000 —
o 200 | % 15000
I 5 10000
| '| 5000
= |
f 11
J”u J | o
g FAS o 2 a 6 ] 10 12 14
o 2 a P 10 12 14 Retention time(min)
Retention time{min}
(s (z
D 65
00
= A
= |
= 3000 ||
I
g /|
£ 1500 X {
| |'I |
[\ '
| II 'I \
0 I J X\
o 4 6 10 14
Retention tume{min}
(s

D65 (4 Fens5 (s Fensd (¢ Fns2 (o FNsl (cll slaaiges (slp GPC clacab 1YY JSd

<5

&

952

2
1
3
]
o
1
3
N}
‘3
3
=
=
=

T


http://www.SId.ir

olbiSas 5 Slda

ol aily (Jodg0 p > il 8l g STy iyl

PNS oo vy —-£-Y
05 s ol duglie g (g5t sladiged (osls ) solaie 4
S g b b S]] sladiges sle s B5D
g mtw g bwg FONS, digel 085 ©jgo 2puSg)in
S5 yp pselS 5 s slnJsloxe bl Lawss FCNS,
gy Cilizee ladiges > maw Clgw loJliu S gl
Slilgus (gloJliny S3525 .8 8 )2 3,90 XRD (90l

UiiS Ty oy > bale 6598l gw dl SIFCNS, 9 FCNS, diged )
Fens, aiges £ Jod> ls Gillao .ddodliiwl yemwlis yosls
polde cledy s jlayed 65D wges & S0 (JoUgep >
2 Jskste slaog)S dlasi (uSly baee )3 eadllod 5
e claog)S canl 035y olyan Lislidl b ol cladtan
STy byl ol (slattas oxims Jlail y lsieay
(iSly b 1 Ol JsSse SosS zes 9 oigsliedk
5 i lbdigel GPC sl sove dwglis jl .ad JSis
2 sl pogige &) poly Sy G Cupud A5 A5 jasule 65D
oMo b5 156 9515 8,8 wons i on K2 S35

Intendity(Counts)

28 (%)
uall
Fcnss
250
200
113
220
50
M
)
3 1 2 45 &
< 20(°)

=
i

95

200

Intensity(Counts)

= =
9] o w
(=] (=] (=]

[=]
5]

15 25 35 45 55 65 75
26(°)

(z

D65 (z Fcns5 (o Fensd (Wl sladiges j» (WSl ansl (1S, o311V Y JSWS

2
1
3
)
.13;.
1
3
N)
B
Bl
=



http://www.SId.ir

il 8l guu (a8 ol Fiheu 4o Sl53s sLa Sl )l ouu ) 3

DB5 5 (s5s (slo digas (5 perie 501 IV Jgun

Fensg
1“9L; - .
/'uS'jSMJ“‘
C YOS
H Vi£4
S VRIS -

Fcnss D65
eIt FAPES TRV
FEFY Fo/ra
Y. FIY
ATATERY \RYAR'Y

@ oo e S ya8lgu Sl 59501 0o g spalle ) jlade
OiSly iy > Sote @IS 5 JeSlge Ll
CHS (syais WUl 5 XRD (slogysesl gl dulis .ol
s &S ab L 65D aiges L Fens, JFens, cladiges
oo idlS (S s )l puandlS 5 e b odbdd dges (g5l
ey il b Jg calaisl o i Sldlgw (gilwlis )
Iy e SMlges Sl 6 5ot liee Olg U Canr 0 p0 (65503

Dged o (5t dges

VY Clao WY SS o adesnlie FCNS, diged ) midw
ot bolsee dlwgay a5 FCNS, diged b oanlie (puizeen
4l o U@K uwwp.s.}.w ).s.)l.mo R r‘,u.ulf 9
dlws (650w dges (gilw (S 50 Al LS Kol
@ U s Mol pae s 4 (Oldgw pundS ) pudS
Ome (250 05 (e gaw 3929 29 Cgude gllae Ll oo
PNS el a8 il 1 (Slo 5 ladigos dan > Cbygl 36 3935
bl oo

AT 5t sladiges (osls (&S (e oy pskaion
Bl e Glaw miw jeds 085 iy CHS
IS salp 536 polie Sighoy (g9 Lilie

olis Al S 6D diged 4 s ()gyd 9 ()5 polie
AL 5 i Osbigilgetsy 3| (S ssilsn ol
I FCNSy diges .0l o FCNS, diges )0 D93 g0 ot ldlgu
odaline Dg Ly [0 (gjtiw dged &y Comd (6 pcmlio Logls
Wged g Wged Cnl Bie)kd 9 S Sy Sdeyd & 29 0
rais Sis slbdo)d jd Galds g Cuwl 505 wb 4 Hluw 65D
S dgas 3 joib oall (g polie & dmd o LS Hedlgu

ool 4251 395

S S 4o £
Pl (gl yorkiy ygmiligdlgw (ol po 53 3 PNS jzi
slod ¢ Jgo s ((2Slg sl el b (gusligilges al 5o )3 03
2B ) oy 330 omelisilgms 4250 2 o 3 5 2y
5 wgdabaii (slogygeil buwgi (ymligilon (iSly plosl Cono
A & S poilg duwl Jgo s Sial38l b 105 FT-IR
V0 "C 5l 5L glod 55 STy plodl (izmes 9 ) 51 5YL 4
hasuio s A8 dgilgw Jpame lodl) (aljl 4 oxie
65D wiges g oddand ot diged (olesd (slaylisle
Ll > 453l lis HNMR 5 FT-IR lagyge)l bug
seleadbye «lisilgw s by (spoliiyedy (Sl
a3 sl ) 5 LSlo GPC 90l gulis o ploc

<5

&

==

952

2
1
3
]
o
1
3
N}
‘3
3
=
=
=



http://www.SId.ir

olbiSas 5 Slda

s

&

=

95

2
1
3
)
.13;.
1
3
N)
B
Bl
=

éé‘).o -0
[1] S. Giasson, D. a. Weitz, and J. N. Israelachvili, “Interactions be-
tween surfactant-coated surfaces in hydrocarbon liquids containing
functionalized polymer dispersant,” Colloid Polym. Sci., vol. 277,
no. 5, pp. 403-413, 1999.
[2] S. Farrokhpay, “A review of polymeric dispersant stabilisation
of titania pigment,” Adv. Colloid Interface Sci., vol. 151, no. 1-2,
pp. 24-32, 2009.
[3] T. Zhang, S. Shang, F. Yin, a. Aishah, a. Salmiah, and T. L.
Ooi, “Adsorptive behavior of surfactants on surface of Portland
cement,” Cem. Concr. Res., vol. 31, no. 7, pp. 1009-1015, 2001.
[4] E. D. Goddard, Surfactants and interfacial phenomena, vol. 40.
1989.
[5] B. G. Kim, S. Jiang, C. Jolicoeur, and P. C. Aitcin, “Adsorption
behavior of PNS superplasticizer and its relation to fluidity of ce-
ment paste,” Cem. Concr. Res., vol. 30, no. 6, pp. 887-893, 2000.
[6] J. Bjornstrom, “Effect of superplasticizers on the rheological
properties of cements,” Mater. Struct., vol. 36, no. 264, pp. 685—
692, 2003.
[7] S. Moradian, N. O. Mahmoodi, and R. Shemshadi, “Phospho-
rus , Sulfur , and Silicon and the Related Elements Synthesis and
Structural Elucidation of Sulfonated,” no. September 2011, pp.
37-41.
[8] J. Pakusch, A. Maximilian, R. Joachim, D. Andree, and H.
Sack, “Use of naphthalene sulfonic acid-formaldehyde conden-
sates products as drying aids,” 6,762,221 B1, 2004.
[9] M. Yoshio, H. Wang, Y. S. Lee, and K. Fukuda, “Naphthalene
sulfonate formaldehyde (NSF)-resin derived carbon beads as an
anode material for Li-ion batteries,” Electrochim. Acta, vol. 48,
no. 7, pp. 791-797, 2003.
[10] M.Collepardi, M.corradi and M.Valente, “influnce of polym-
erization of sulfonated naphthalene condensate and its interaction
with cement .pdf,” 1981, pp. 485-498.
[11] J. Donald F. othmer, Joseph J. Jacobs and Wilbur J. Bus-
chmann, “sulfonation of naphthalene:application of partial pres-
sure distillation,” Ind. Eng. Chem. Process Des. Dev., vol. 35, no.
3, pp. 326-329, 1943.
[12] F.Kucera and J.Jancar, “Homogeneous and Heterogeneous
Sulfonation of Polymers: A Review,” Polym. Eng. Sci., vol. 3, no.
5, pp. 783-792, 1998.
[13] A. de Angelis, P. Ingallina, and C. Perego, “Solid Acid Cata-
lysts for Industrial Condensations of Ketones and Aldehydes with
Aromatics,” Ind. Eng. Chem. Res., vol. 43, no. 5, pp. 1169-1178,
2004.
[14] J. G. Robinson and D. G. Wardle, “The Reaction of Naphtha-
lene with Formaldehyde in the Presence of Sulphuric Acid,” vol.
5, no. June, 1980.
[15] R. C.Richter, Westfield, H. A. Bateley, Denville, and N. J.,

“preparation of salts of naphthalene sulfonic acid-formaldehyde
condensates.pdf,” 3,067,243, 1962.

[16] R. Charles Johnson, Wilmington, and Del., “Water soluble
condensation products of naphthalenesulfonic acid and formalde-
hyde.pdf,” 3,277,162, 1966.

[17] A. Savoly, D. P Elko, and V. Bennie, “Plaster Composition and
Method Of Making Same,” 7,033,432 B2, 2006.

[18] C. Redin, F. T. Lange, H. J. Brauch, and S. H. Eberle, “Syn-
thesis of Sulfonated Naphthalene-Formaldehyde Condensates and
their Trace-analytical Determination in Wastewater and River
Water,” Acta Hydrochim. Hydrobiol., vol. 27, no. 3, pp. 136-143,
1999.

[19] A. P. Auyeshov, K. T. Arynov, C. Z. Yeskibayeva, O. T.
Zhylkybayev, R. D. Beisbekova, and K. B. Alzhanov, “Effect of
a- and B-Polymethyle Nenaphthalenesulfonate upon Properties of
Cement Grout and Concrete,” Mod. Appl. Sci., vol. 9, no. 6, pp.
173-183, 2015.

[20] P. Marco, M. Carballo, and J. Llorens, “Stabilization of raw
porcelain gres suspensions with sodium naphthalene sulfonate
formaldehyde condensates,” Appl. Clay Sci., vol. 42, no. 3—4, pp.
473-471, 2009.

[21] P. Kuo, J. Lin, and B. Wey, “Functional Polymers for Colloidal
Application . VI . Syntheses and Dispersing Ability of Lipomodi-
fied Naphthalenesulfonate Formaldehyde Condensates,” vol. 47,
pp. 521-531, 1993.


http://www.SId.ir

