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Correlation of Low Temperature Properties
of Diesel fuel with Compaesition

B, Krighna, 8 Bhatiarcharjes, 4. § Joshi, H Singh, A C. Purohil, 5. V. K. Zilawar, K. K Birgh

7 R ™

This work aims fo find & correfation batwesn the fow temper-
alurg properties of diaset fuet fig. pour point [PRE], cloud
point fCP] and cold fiter plugoing point [CFPP]) and par-
ametars such as ASTM mild-bolling temperature (T 50), wax
cortent (WC), n-paraffin concertration (PC) and average n-
parafiinic chain fength {CL}), Nese! fuel Blends from different
refinery streams derfvaed from Bombay MHigh Crude, along
with the parent refinery $lreams, were characiensed fo de-
termine their physico-chemidel coid-fiew ahd compositions!
properfies. Comrelations werg davaioped between the cold
flow properties and the parameters: T6G WG, FC, and CI.
The resufis of this study should provide an aid to determin-
ing the opfimum Blending strategies in order ioc meet spetifi-
cations with respact io the ookd fiow properfiss.
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Das 2iel dieser Arbait ist eine Korrelation rwischarn dan Tiel-
temperatur-£iganschaften des Dieseliraftstoffes — o h
Pour point (PPY), Cloud point (CPY, Cold fiter plugging
point (CFPP} - und den Parametern wie ASTM mid-boiting
temperature (T 50), Vax content (WC} und average n-paraffi-
nie chain length (CL). Die Ausgangskomponenten wurdert
aus dem Rohdi Bombey High erhaffen. Die daraus 2usam-
mengesetrien Dieselgualidten wurden nebst den Aus-
gangskomponenten untersucht und e physikochemisehen
Figenschatten sowie die KaitfieBeharaktenistikan somittoit.
Korrelationen zwischen den Kaitfieficharakieristiken wnd
den Parametemn T50, WC, PC und CGL wurdon smitwickell,
L Eropbnisse dieser Studie dirften niltdliche Minweise bei
dhar Frvittiung der oplimalen Bignding-Stratagien geben, um
den Sperifikationsn hinsichilich der Kefitiad -Charakieristi-
kurr arrigprechen zu kénnen.
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Introduction

Low termperature flow properties of distilate fuels such as pour
point (PP, cloud point (CPH) and CEPP are important consider-
ations during their handiing and thelr apalication in engines and
other appliances. These 20k flow properties are commonly ha-
lieved to be primarily controtisd by the n-paraffinic components
of these fuels [1-5]. Upon sooling the distillate fuels, “wax”
srysials, conlaining predsominantly ri-paraffins of the high ohaln
iengths, separate ouf. Thase orystals may interiock forming 2
sage-fike structure which entraps the liquid phasa. At & oaerlain
stage the fuel ow ceases. Even if & porcent or two of ssparated
wax corystais are thus formed, cessation of free fow of the fust
may result I3} (he temperatura at which this gccurs is the pour
polnt.

White there have been 3oma atternpts 10 correiats one or other
coid flow property with average molecular waight or n-patatfin
content of the fusl [4-6], there appears to be no systeratic
study carried out to determine all the relevant independent pare
amaters. The object of tha present study was 1o develop &
correlation aifer a sysiemalic examination of the posaibie corre-
ations. I} was alsg tha objective of 1he exercise to provide an
aid to refinery bignding schameas 50 as to meet the relgvant cold
flow property specification. To mest this affer aim the study
was carrfisd oub with eight refinary streams, eff derived from
Bombay High Crude Of bDlended in twenty four different ways.
The data generatod on 2 datailed cheracterisation of the individ.
usl streems and thelr blends form the basis of the corralations
and conclusinns deveiopsad in this paper,

Experimerial

Eight refinery strowms wera obtained from Bharat Felroleum
Corpotation Ltd., Bombay, thesa streams consisted of straight
rurt produscts (e.¢. kerosine, gas oits) and cracked stocks tight
and heavy cycle oils) from a fluid catalytic cracking unit. All the
eight refinery streams otiginated from the sama orude oil
source, Bombay High, and are lsted in Table /. These eight re-
finery streams were blended in twenty-four different ways and
the two seis were characterised for:

—~ CPt, PP aryd CEPR,

- densiy, visgosity and distillafion charactesdstics,
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wwaxt content end an estimaig of urea addugt forming compo-
rignts,

-~ {-nimber distnbution of n-paraffing in the urea adduciable

portion,

Srandsrd IP/ASTM proceduras wars followed for cold flow tests
and for gther characteristion, Wax sontent was estimated using
the Engler Holde procadure. C-numbsesr distribution was ob-
taingd by gas chromatogranhy. Table | summarizes the proper-
tigs of tha sight refinery gireems: & stmmary of the properties
of the twantyfourblends s ot found in Table 1
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Flgure 1: Carbon Numbsar Disirtisotlion for i-Paraffine in varlous atreams Tl

Zu Table II: »
Straam identiticaiion:

Stream 1 HGQ w Heavy Cyele O4: Strear 2. Sas OV 4+ JBO; Stream 3 10O
= Light sycle oil; Slream 40 Gay ol Slrearmn & Gas oll . Siream 5: Kerosing:
Streem 7. PFR = Prefactigrstor bolioms, Streamr B Gas ofl #

i) Blreams/biands merked with g6 agierisk were omilied f0m e carreliion
aralysis,
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Table I: Physio-Chemical Gharacterdstica of Componsnt Stroams

\ Siroam No. 1 2 3 4 5 6 7 8
Cneraciaristics e, HCO GO IV 480 LG GO Goi KERLD PFE G0E
Dansity, gm/md 4t 15 dag {18688 {18671 BETY 0.B463 0.8405 {15035 0.7872 08367
APt gravity 2128 3180 3248 EBBOZ BT 44 58 46 17 33.52
Cleud point, deg O 47 43 g 22 £ - - —13
Pour point. deg € 33 3% 8 18 g - e —24
CFPP. deg O 38 33 7 15 —1 - e -2
Kin. viscosity. o8 ot

Wdeg T 271 263 1465 149 121 - - -
Sdeg < 877 852 187 318 24 1.6%8 006 1.37
ASTM Distilatlon, deg €
iBP 204 252 147 208 166 - 132 120
5% vol 294 285 188 238 217 - 137 148
10% vol 39 297 02 247 232 - 139 162
20% vai 359 315 281 259 249 - 142 180
30% woit 353 327 232 V] 280 - 144 188
A% vl 382 o 245 280 287 - 147 213
=05 vol e 353 261 250 275 - 150 243
80% vol - 368 280 Hi3 283 - 153 241
0% voi - - ang 38 pus - 157 254
H0% w3t - - Y.t 34 354 - 183 287
¥ vol - — 343 380 325 - ¥ PR7
85% v - - 32 e 348 - 180 07
FRpP - - - 358 - i 321

Ret. upto365deg & A4 2 98 00 - 1085 06
Wax content Wwt {EH} #840 434 &7 130 411 2,11 R 43
Aniline point. deg < 938 208 48 8 782 7i4 1.6 44.6 578
Rl al20degC - - 14545 1.47 4% 1.4695 1.4500 1.4400 1.4825
Diesal Index fia. 7 61.64 39.72 B0.62 BO.74 - 58.84
Cetang Number o - 43 51 52 - - 41
Ures adductables % wt 858 44.0 158 374 330 222 - 8

Table H: Properilen of tha Siresme and Plende
Straamy/ Compositions of streams 1-8 in various blands {Gwil TS | Cloud . Powr | £FPP | WO PC o
Biand AETM ¢ Poirt | Poind ot Ay Chair

St 1 [ 8trm2 (Bl { Bl d [ Q3  Srm B i5hmT (St Midbhp ! degC (degC ideg T | M | Bt | Legh
Sireum ¥ 000 wr 47 39 BB S300 | 8485 | 2B&D
Sheam 2 10000 #wa 33 39 33 ] AB40 [ B78 | 2305
Sitrpam L0 261 8 & 7 670 | 1380 | 2082
Sirpam 4 K08 Pt 1 22 18 18 I300 7 3074 IBAD
Stroam & 14000 PLEE 4 G . 011 | 2412 | 1870
Btroam & 10500 - 0.41 &858 | 1254
Bream 7 100,00 150 0,90 260 | 1256
Stream 8 (7} 10000 [ 226 ~18 | —24 | -2 QB0 | 1172 | 1473
Biend A1 11.20 | 88.80 68 38 a6 34| 4233 | 4497 | 20,
Blend A2 758 | 5946 | 3310 331 34 30 30 [ ABEN | 326 | 2864
Bhand A3 3700 2920 | 162 | 5089 K ¥ p: o4 25 1 2180 At | A4
Biand Ad PET D 2033 | 1129 ) 35430 3038 it o 24 gl 220 307 ¢ geiy [ 192
Blang A% 208 | 1823 SOt 2RPB D RS YT i 21 13 18 | 1208 | 2874 1788
Plonsd AB 182 | 1437 TEB I RSOE F146 0 1708 1151 288 18 15 18 WS s WA
Pland a1 H.E3 | 3337 - [ A7 1REe
Blersig2 (M) 4246 1 35G7 1 2277 g o B - 42 —~15 I3 ] 847 BE
Blend a3 ARV BB BE BE 258 7 3 4 435 1 1| &S
Blend od BEG D 29¥T . ZBAEY 21281 1380 50 ¥ 3 3 457 848 | R
Plendd sl 1453 §21 1 2544 21851 (8471 H1BRD praind iR b<] 11 [T TR B R Y B ¥
Eeng gt 18 1827 805 2488 AR 1784 ] 1160 2632 18 15 18 ] 1082 | 2622 ) 1858
Blend Bt 1174 8878 235 15 9 13 470 | 17EY | PR
fland 82 7E3 3304 BRag | 243 12 . it 506 1 1872 | 182
Blepd A3 70 16.21 1 50,88 2920 272 113 3 14 230 | 2253 1 1810
Blend 84 257 11.25 ) #8543 3037 20331 275 12 9 i1 B30 | 1836 | 1839
Blend 85 a06 901 | 2826 | M35 2047 1623 | 268 10 3 B 810 | 21.62 | 1742
RBlerd B6 1.82 7098 | 2503 | 248 1782 | 1151 143681 248 9 3 6 5.30 | T1B8 | 126D
Biang bt ") 062 | 3937 - — 50 011t 140 | 1287
Bland b (") 4218 | 3807 2277 214 RN LT - S R 14 011 i 1232 | a4
Hlard il ARAE | MR 2365 1527 248 8 3 E: 435 1244 | 1
Hlen ba SEQ 27T 2BE L MmO 1380 248 3 3 E: 457 | 1742 | w42
Blend b5 B2t ! 2844 | 21B8 L 1897 11801 1433 247 B i —1 46 | 1858 | 173
Sleri b 188 BOB | 2488 | PtAE ] 17841 11ES 1 1427 248 3 G 4 452 | 1B | 1797

Eorcti it Kohie - £ i — Patrochermis vereirigr mit Srenestablhema B 42 Mokt 3 Februsr 1055 73 3
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Tabie il Correlotion Analysis of Cloud, Pour and CFPP with Mid Beiling Point. n-Paraiin Concontrailon, Wex Concentratlon and Average

nParafflc Chein Leagth

Dependent variable independent Yarmbis Ag Al AZ Re Standarg aror
Y X1 2 nyY
OFT 158 -— Bk 7185 G.2GrE 8738 45848
GET B — 77211 R Y] {18504 A T84E
ST Gl —BB.1032 AATEE G.5013 5154
oET W 81774 0,968 0.8915 4 53748
oeT LEI(TAE) — 474 2350 21,9293 0.9140 4 8047
SET LOGWE) — 140818 32645 0.8196 4 ABEI
CHT LOG(PC) -~ B 21683 £3,9751 0.8032 A 4869
CPT LOG{CL) — 247 4200 200, 2002 0.8003 8.5266
CFT PC [ —34.6991 D678 1.9177 0.8879 42337
SPT T&0D WO —24.9724 01281 Q2.5410 0.9108 4778
oPT THD [ —87.5799 D230 113565 08818 43478
CPT (o W — 112104 A4 0.7237 2.8932 441181
LPY Pe TG4 - 48.07%9 DA 21574 DaR29 45087
FET TRD - 70 GB3T 03086 38857 453408
et PG —13.0454 1R D8277 £.2957
PPT i — 743374 45058 4811 S5487
£PT W 08521 O.54482 08042 BEaR
PPT LOGITEG — 5301810 OR35S 3t iyl R
BPT LOGIWG — I 7RI5 Ha M4 03380 33487
PFT LGGIPCE —75.385% EhAEE 87524 HAMNE
BET LOGICLY — 2BA5550 216,976 G.8184 5 4882
#PT P [ — 456865 0.619% 25086 08755 45418
FEPT TEO o — 31 5307 01334 {15641 0.5235 4 806
PET THe [ R — 758793 2.2404 t 1671 0.B935 425
PPT oL Wo —18.9541 1.0680 {7586 0.8116 4. 87%4
PPT PC T50 —66.5746 06,1801 02744 C.B8EY 4591
CPPP TH0 — 820070 Davat 08150 H.0W%
CPPFP P& - 89.7410 097349 0.7688 £ 5071
CPPP [ - 54,8825 41479 07793 & BOBG
CRPP WG 2.BEET {8547 A58 4.7048
CPFP LCHEIPC) — 65,3722 52,2954 OF £ BA0E
CRrP LOGICL — 23643750 18 L850 L78RT £B750
CPPEP LAMEITHEN — 438,132 185 1842 D874 41048
CPPp LW — 2560 #,4e L3133 #4051
CRPE 0 oL — 3383 (.5423 21388 0.8a06 47837
CEPP 50 WG — ZRETSY g 4.7 4.523 (8544 45735
CEpp TEG o — 4 9985 G478 1.5841 4.8338 4 8ua
CPPE &k Wi - 15 BA05 19525 $.5081 D853 45817
CPPp e 150 - 458211 03003 {14908 G.8245 H04R4

Resulis and Discussion

The C-number distribution of the n-paraftins present in the indi-
vidual refinery streams have been plotted in Figure 1. It is ob-
served that the distribution is gaussian in form but skewed, As
one passes from a highaer boiling siream fo a lower boiling one,
the asymmetry of the C-number distribution shifts from right
(righer carbon mumber} (o lef Jower carbon numbers). From
the C-number distribution the average chain length of the n-par-
affing, CL, can be valvuisied and the wvalues for the warous
streams and blendg arg giveny i Tabie I Further it i3 1o be ex-
pectad thal the low tempersture fiow properties of any giresm
will not be sffecied by the n-paraffin molecules shorter than 15
in chain length {71, Wilh this In mind we have also Bstes in
Tabie # the conveniration ¢f n-pareffing, in % wi, having a chain
iength longer han 15 we shall denote this variabie as FC.
Before proceading 0 determine the appropriate corratations, an
attem:pl waes made to determine the important perametars which
would aftect the ool fiow propedies end 1o see whether there
was any interdependasncs betwaen these paremeters. By piot-
ting PC, L., W and T 50 against one another, an interrelation-
ship between these variables was established, which is in
agrasment with an earlier work, e.g. Knepper and Hutton [4).
Some of these dependences are shown in Figures 24, it g
therstore conciuded that 8 correlation can be sought between
gach cold flow property drnd any one of the four pargmeters B0,
CL, WC and T 5 or & combination of these parametars.

L&t Y reprasent any cold flow property {CPt, PPt or CFPP) and
X1 and A2 denote any combination of the independent variables
PG, Cl, WG ar T 50 or the logarithmis of these variables. Corre-
lations of the form:

Y = AQ + Al x X1 + A2 x X2 (1)

were oblained by linear regression. The results of the studies
are presented in Table I, which also lists the B? of these corre-
iations along with the standard error in the Y.estimate. An ex-
amination of the Table /i shows that the best curreistions are
shtained between the cotid How [roperty and log (WG, the
standard errot in the astimate of any Cold fiow property is within
35 °C, which is about the order of repeatabiily of the determi-
nations of these oold fiow properties. It is indeed remarkable
hat log {WC), on s own, performs better than multi-variabie
corrptations. Figures 5-7 show 1he best oorrelations obtained.
The foregoing studies are with rafinery sirsems originating from
Bambay High Crude O with other Crudes the relgtionship
coned e expecied 1o be similer, howavar, with other velues of
the coefficiants AQ, AT and AZ.

Conclugions

From a datailed characterization of eight refinery streams and
twenly-four blends of these gireams some insights have been
gained on the relationship betwesn cold flow properties CP1,
PE? and CFPP and “Independent” parameters: PC, CL, WC and
T 20. The best carrelation was observed batween any cold flow
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Figure ¥: interdegendéence botwasn sverage ri-pe-
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properly and log WD), where in the estimates were of the order
of accuracy of the experimeniation. Hemancisture
The ragulis of this study though quantiiatively velid for streams Stream 1 = MHOO « Haavy Tycle 08
of Bombay High Jrude origin, should provide guidelines for ob- Stream 2 =~ Gas 8 V- JBO [Juie Balehing Oil}
1airdng correlations for other crudes as weil Alge, the rasyfis Siream I = LD - Light Syele Sl
could be used 1o develop optimum blending slralegies o meet Siream 4 = Gas il 1l
desired specifications of the cold flow properiiss. Stream 5 « Ges Gil )
Authors: B, Krishng (Correspondence), §. Bhattarcharjee, G, €. Joshi, Himmat Stream 6§ « Keroging
Singh, B G Purohit, 8.V, K. Dilawar and K K. Singh, Indian Inetitute of Petrg- Stream 7 = Prefactionator Bottoms = PFB
ioum. Derra Dun 245008, India Stream § = Gus Ot {f
rrrs
. = Pour Poird,
[1; W A Furnar: b, Eng. Chane Prod. Ren. Dev., 10 (9% 238 14971) : .
(2] F. . Pass. On. Ceokuch, X Wasit. Tth Wortd Potroloum Congrees, Vol 8, p. | CrPr = Cokd Filter Plugging Point, °C
129 [1557] PO = %wt of n-parstiing having chain length fonger than 15
31 L. 7 Rogsary Ind. Eng. Chem, Prog,. Res. Dev,, 18 (3}, 227 19049 CL = average ne-parallinie chain length
141 L f Knapper, # P sulfon Hyedrovarben Processing, 54 [, 186 (1895 WO = % wi wax concentration, delermined by Engler-Holte muethod
51 J My A M Swene Mydrocarbon Progessing 4% 009, M D Y = any ooid fow property, *0
€] M A Bay T & Dauber: rydiocarbon Processing, 58 18], & {vay] X1, 2 = independent vesisbles i cormeiation
71 5.8 Reddy, M L. Muobitias BAE Paper 8171181 11885 ;
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