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[0002] The problem addressed by this system is deposits formed in refinery

equipment. Such deposits cause operational problems.

[0003] Deposit mitigation by the use of additives is sometimes necessary,
but testing the effects in the refinery equipment are laborious, time consuming
and very expensive. Therefore, a rapid laboratory test, which ranks refinery feed
stocks and refinery feed stocks containing additives in the order of deposit

formation tendency and deposit mitigation effectiveness is of considerable value.

[0004] The present invention is a new way to make and study deposits from
refinery feed stocks and additized refinery feed stocks. It is unique because its
operating conditions can be changed to emulate the surface temperature
fluctuations and feed transport behavior of the refinery equipment that the

refinery feed stock and/or product will encounter.

SUMMARY OF THE INVENTION

[0005] The present invention is a system and method to rate refinery feed

stocks and refinery feed stocks containing additives for the tendency to form



WO 03/ 078693 PCT/ US03/ 06555 -2 deposits. The systemincludes an optional
encl osure, solid block (hereinafter called a "nub") having a deposit
surface vwolin7dcbe encl osure, nmeans for controlling nagnipcadsoanessslur ati on
of the tenperature of the deposit surfale, nmeans for introducing feed
stock and/or feed stock containing additives, e.g. antioxidants used
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t he encl osghiRdis"mub") hevingtaispobit sudeqowithin theenchfsuonuneans fon air. Wth an
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DESCRI PTI ON OF THE PREFERRED EMBODI MENTS [ 0009] The system of the present

i nventi on ths enblnsnre is dfigtedethen shadapdsits ardiofwourse, m aoWdithagchemati c vi ew
of the overall system Figure | B shows .an enlarged view of the nub [1]
and t her noRRSLIUES,[tBE test Mgy, ormed ynpr QT SQMGOICLEASH  anot her gas [ 9]
passes through a nolecular sieve [10] that filters the air and renoves

contamnants. The air is dried by passing through siljica gel [ 11 ]. The
air is nmeal¥006l by Thenyh W%héa betore an éﬁﬁhg’@g§tq’“rh’(§ Pclwdgqné%ih%ncl osure

deposit surface. The change in nub weight indicates the feed stock and/or feed

stock containing additives propensity to leave deposits.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Figures 1A and 1B show a schematic diagram of the system of the

present invention.

[0008] Figure 2 shows the variation in temperature of the deposit surface in

time for Example 1.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0009] The system of the present invention is shown in Figures 1A and 1B.
Figure 1A shows a schematic view of the overall system. Figure 1B shows an
enlarged view of the nub [1] and thermocouple [3] arrangement. In the system,
air or another gas [9] passes through a molecular sieve [10] that filters the air
and removes contaminants. The air is dried by passing through silica gel [11].
The air is measured by the flow meter [12] and passes into the glass enclosure
[6] where it combines with the feed stock that is to be rated. Within the glass

enclosure [6], the system includes a nub [1] inside the coils of a cable heater [2].



[6] where it conbines with the feed stock that is to be rated. Wthin the
glass enclosure [6], the systemincludes a nub [1] inside the coils of a
cabl e heawero3fo2§693 WO 03/ 078693 PCT/ US03/ 06555 -3- The "nulPCTiisobosssrd of a
solid material. A convenient shape is a3solid circular cylinder. However,
the shape, surface topography, and material of the nub deposit surface can
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The system nay be operate glass b i N which case the
deposi ts qaage of teraperaturdhencouhtered irevaime gigcashaf rofihenyomuighent| Thel e
times before and after each run  to determ ne the average deposjt mass
accunul at dgedstoskiindelivered by raapeinggnuapp (4] to the deposit surface t ough a

hypodermic needle [5]. Like deposit surface temperature, the feed stock

delivery rate can be programmed to emulate feed stock delivery rates to surfaces
in various pieces of refinery equipment. A bell shaped glass enclosure [6]
surrounds the nub and cable heater. It carries a blanketing flow of air [9], or any
other desired gas, such as product gases, tail gases, recirculation gases, inert
gases and the like to emulate refinery conditions and atmospheres. The system
may be operated without the glass bell in which case the deposits occur in air.
The nub is weighed by the balance [8] multiple times before and after each run
to determine the average deposit mass accumulated onio the nub surface, which

is typically 0.1 to 1.0 mg.

[0010] As shown in the Examples below, the system can emulate the
deposit formation of feed stocks and products for refinery equipment. The
operating conditions provide emulation of the deposit formation conditions for

each piece of refinery equipment.

Example 1 - The Present Invention Emulates Effects of Different Refinery Feed
Stocks on Forming Foulant on a Metal Surface.



is typically 0.1 to 1.0 ng. [0010] As shown in the Exanples below, the
systemcan enul ate the deposit formation of feed stocks and products for
refinery wouspmsps . The operating conditions provide enulpatriusns/ofsss he
deposit formation conditions for each.pi.ece of refinery equipnent. Exanple
1 - The Present Invention Enmul ates Effects of Different Refinery Feed
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for a tes at1’on of one hour. During the one-hour test, the deposit
surface t efipetied bf ene hasr. dDogng thednehoshtes theddfogitrsarface Wmperatrper at ur e
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Refinery Hglighands p&ef oL fée@sbock. The weight after washing the deposit with

toluene is the toluene insoluble deposit weight reported below.

SAMPLE TOLUENE INSOLUBLE
DEPOSIT (mg)
Refinery HCN T90 10.6
Refinery HCN T90 9.7
Refinery HCN T90 11.6
Refinery HCO1 3.1
Refinery HCO1 3.3
Refinery LKGO 5.7
Refinery LKGO 6.6

The results show that the Heavy Catalytic Naphtha (HCN) T90 fraction of the
total feed has the highest tendency to foul. It is significantly worse than the

Light Coker Oil (LKGO) fraction o ili¢ toiai iced. However, when this HCN
T90 fraction is blended in 10 wt% with other feed fractions in the HCO1 total

feed stock to the unit, its fouling tendency is much reduced.

Example 2 - The Procedure of Example 1 was repeated for 2 hours at a flow rate
of 4 ml/hr.



Refinery LKGO 6.6 The results show that the Heavy Catal ytic Napht ha (HCN)
T90 fraction of the total feed has the highest tendency to foul. It is

si gni fi cawolog/ovgsvse than the Light Coker Ol (LKGD fractricarusosiodsse t ot al
feed. However, when this HCN T90 fracfion is blended in 10 wt % w t h ot her
feed fractions in the HO01 total feed Stock to the unit, its fouling
tendency is much reduced. Exanple 2 - The Procedure of Exanple 1 was
repeated for 2 hours at a flowrate of 4 mi/hr. W 03/

PCT/ US03/ 06555 -5 SAMPLG\PERUENE | NSOLUBEEL UPREGRSOIURLE Fi nal Modgas
Product 0.01 Fi{nal Mbgas Product 0.00 IBN %Emlﬁkﬁ@? Pr ct 0.29 |IBN
HT 1st Stage Plodet—o—it38—ScN-O-Ri-—1- SEN—NO—BHH—1 SCN (Wth
BHT) 1.10 SCN|(MihallMBpas)Prod®® A seri es of st earR-8} acked naoht has were

tested. The fi hafinhyMopisadwd naphtha product ¢.0@t goes |nt|o not or
gasol i ne (Mbga$§) and shows al nost no floulitng tendency. The T|BN HT product

before final hy dflﬁtli-ﬁaf& ggiggigr@dug@sol Ilne Dbl endi N§lo9 gfeed shows sone fouling

t endency, wher ¢ the—1ay Steam cracked maphtha CNS—beforfe an
hydr ot r eat ment [ RN §1T, %ﬁtagﬁx)“?d‘*‘ﬁt pot enti aJ_e.v-eQ-liihejq—BHF— y

SCN (NO BHT) 1.50
SCN (NO BHT) 1.28
SCN (With BHT) 1.10
SCN (With BHT) 1.25

A series of steam cracked naphthas were tested. The final hydrotreated naphtha
product that goes into motor gasoline (Mogas) and shows almost no fouling
tendency. The IBN HT product before final hydrotreating as a gasoline blending
feed shows some fouling tendency, whereas the raw steam cracked naphtha
(SCN), before any hydrotreatment has a high fouling potential; even when BHT

is added as an antioxidant.

Example 3 - The procedure of Example 2 was repeated on a series of steam
cracked naphthas that were hydrotreated to remove differing levels

of styrene.
SAMPLE % STYRENE | TOTAL DEPOSIT HEPTANE TOLUENE
CONVERTED (mg) INSOLUBLE INSOLUBLE
DEPOSIT (mg) DEPOSIT (mg)
SCN 100 0.46 0.15 0.14
SCN 88 0.88 0.62 0.52
SCN 65 1.29 1.08 - 0.78

The results show that the fouling tendency of the steam cracked naphtha is

reduced as more styrene in the naphtha is hydrogenated. Also, washing the total



I s added as an antioxidant. Exanple 3 - The procedure of Exanple 2 was
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hydro iner. These tests were run in an air atmosphere and under a
nitrogen atmosphere.

SAMPLE TEST TOTAL DEPOSIT HEPTANE TOLUENE
ATMOSPHERE (mg) INSOLUBLE INSOLUBLE
DEPOSIT (mg) DEPOSIT (mg)
LAGO Air 0.75 0.49 0.25
LAGO N, - 0.22 0.22
HCN/LCCO Air 1.30 1.04 0.34
HCN/LCCO N, 0.15 0.09 0.08
Fresh Feed Air 5.83 0.62 0.60
Fresh Feed N, 4.54 0.16 0.06

It is clear that maintaining a nitrogen atmosphere reduces the fouling tendency of

the feeds and leads to lower levels of heptane and toluene insoluble deposits

after room temperature washing. This example illustrates that the fouling

tendency of feed stocks can be determined under varying atmospheric conditions

and in this case running the test in air represents the most severe test; the

maximum amount of foulant expected if the feed stock is not properly stored.

Example 5 - The procedure of Example 2 was followed on a set of steam
cracked naphthas from a different refinery.
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SCN A I3 1.63 0.92Z Exanpld 6 - The procedure of Exanple |2 was foll owedjon
a co 5@l prem um grade [notor ggsol i ne jcontajgd ng al | |requi reeR

addi tt@e&-—ﬁﬁhﬂ‘lm - CCUENE

Example 6 - The procedure of Example 2 was followed on a commercial
premium grade motor gasoline containing all required additives.

SAMPLE TOTAL DEPOSIT HEPTANE TOLUENE
(mg) INSOLUBLE INSOLUBLE
DEPOSIT (mg) DEPOSIT (mg)
Premium Mogas - Additized 0.54 0.19 0.06

The deposit formed in this case is essentially due to the additives in the motor

gasoline. Most of the deposit is solubilized in heptane and toluene and would be

expected to be more soluble at higher temperature.



(rmg) | NSCLUBLE | NSOLUBLE DEPOSIT (ng) DEPOSIT (mg) Prem um Mbgas -
Additized 0.54 0.19 0.06 The deposit fornmed in this case is essentially due
to the adwptiswesos n the notor gasoline. Mdst of the depo®ict/usss/essubilized
in heptane and toluene and woul d be exBected to be nore sol uble at higher
tenperature. WD 03/078693 PCT/US03/06555 -8- CLAIMS: 1. A systemto rate
refinery fegpdistpcks for the formation of deposits on solid refinery
surfaces conprising: (a) a solid nub having a deposit surface, (b) neans
for controlling the magnitude and duration of the tenperature of said

surface, such that the tenperature enmyl ate he tenperature .varjation of
the solid refinery shrfd%éYStG@)torfét&r@HPEW éﬁéﬁ?& ég&g{hﬁﬁm%@}% f uel
containing, additives. onto sai ..apd 2. The systemof claim1
further coqr‘%&oﬁﬂ?ﬂﬂ sgﬁ%%tﬁgery%b?fa%%ﬁﬁﬁ%s@gi d nub. 3. The systemof claim1
further conprising an enclosure and a neans for introducing gas into said
encl osure. 4. The systemof claim1l wherein said nun is steel, alum num
brass or any solid materapl asolidambthiavidg adepdsitr @wface5. The system of claim

1 wherein said neans to control tenperature includes a coiled cable
heater, thernocouple and a tenperature

(b) means for controlling the magnitude and duration of the
temperature of said surface, such that the temperature emulates the temperature

variation of the solid refinery surface,

(c) means for introducing fuel and/or fuel containing

additives onto said surface, and

2. The system of claim 1 further comprising a means for

weighing said nub.

3. The system of claim 1 further comprising an enclosure and a

means for introducing gas into said enclosure.

4, The system of ciaim 1 wherein said nub is steel, aluminum,

brass or any solid material, or combination thereof.

5. The system of claim 1 wherein said means to control
temperature includes a coiled cable heater, thermocouple and a temperature

programmer.

6. The system of claim 1 wherein said means for introducing

fuel and/or fuel additives, including a syringe pump and a hypodermic needle.



programmer. 6. The systemof claim 1l wherein said nmeans for introducing
fuel and/or fuel additives, including a syringe punp and a hypodermc
needl e. WO003/0@68693 PCT/ US03/ 06555 -9- 7. The system of @carusodossher ei n
said enclosure is a glass bell shaped-8hield. 8. The systemof claim3
wherein said gas is air. 9. The systemof claim3 wherein said gas is

inert. 10. A nethod 10 mafeqykted 6f lafinfuRheritdlidid easlosare ishieplhsy el i on of
deposits onto a solid, having a surface of a given shape and materi al

conpri si ngghap é@);hle];mtrol | ing the magnitude and duration of the tenperature
of said surface (b) introducing fuel and/or fuel containing additives in
controll ed anounts onto said surface, and (c) weighing said solid before

and after said int roéj.UCi’I%% sySsEe%?o%clal etfwﬁ‘ef}?n 9 g%gli)sugﬁ' of deposit onto

sai d surface.

9. The system of claim 3 wherein said gas is inert.

10. A method to rate fuels and fuel additives for the formation of

deposits onto a solid, having a surface of a given shape and material comprising:

(a) controlling the magnitude and duration of the

temperature of said surface,

(b) introducing fuel and/or fuel containing additives in

controlled amounts onto said surface, and

(c) weighing said solid before and after said introducing

step to determine the amount of deposit onto said surface.



